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(57) An error correction encoding device (100) in-
cludes an encoding unit (120) to generate soft decision
error correction frame information including a bit array of
m rows and N columns obtained by combining first bit
string group information and second bit string group in-
formation, the first bit string group information including
a bit array of m rows and N1 columns in which it is enabled
to perform pulse amplitude modulation of a combination

of bit values of each column of the first bit string group
information into a modulation symbol by using a first sym-
bol mapping rule, the second bit string group information
including a bit array of m rows and N2 columns in which
it is enabled to perform pulse amplitude modulation of a
combination of bit values of each column of the second
bit string group information into a modulation symbol by
using a second symbol mapping rule.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an error cor-
rection encoding device, an error correction encoding
method, an error correction device, an error correction
method, a communication method, an optical communi-
cation system, and a soft decision error correction frame
data structure.

BACKGROUND ART

[0002] There is a communication system in which a
transmission device performs error correction encoding
on input information input to the transmission device and
transmits a signal based on information after the error
correction encoding to a reception device, and the recep-
tion device outputs output information corresponding to
the input information by receiving the signal transmitted
from the transmission device and performing error cor-
rection on information based on the signal.
[0003] For example, Non-Patent Literature 1 discloses
a communication method using information generated
by combining probability distribution shaping encoding
processing and multi-level encoding processing in a field
of optical communication systems, the information hav-
ing a predetermined data structure in which multi-level
modulation of a combination on a plurality of bits can be
performed by selectively using two symbol mappings,
first and second.
[0004] Specifically, a transmission device described in
Non-Patent Literature 1 (Hereinafter, it is referred to as
a "conventional transmission device".) generates infor-
mation having the above-described data structure on the
basis of the input information. More specifically, the con-
ventional transmission device generates information
having the above-described data structure by performing
soft decision error correction encoding processing by us-
ing the least significant bit, and a plurality of middle bits
that is a target of Gray encoding processing and dispos-
ing a soft decision parity bit acquired by the soft decision
error correction encoding processing in the most signif-
icant bit. Further, the conventional transmission device
performs division into a first symbol group in which the
most significant bit is the soft decision parity bit and a
second symbol group in which the most significant bit is
not the soft decision parity bit. The conventional trans-
mission device performs first symbol mapping with Gray
code on symbols belonging to the first symbol group, and
performs second symbol mapping different from the first
symbol mapping on symbols belonging to the second
symbol group.
[0005] In addition, a reception device described in Non-
Patent Literature 1 (Hereinafter, it is referred to as a "con-
ventional reception device".) acquires output information
corresponding to input information by receiving a signal
generated by the conventional transmission device on

the basis of information having the above-described data
structure and performing multi-stage decoding process-
ing on information based on the signal. More specifically,
the conventional reception device performs error correc-
tion on the least significant bit, and the plurality of middle
bits that are the target of the Gray encoding processing
by performing soft decision error correction processing
using the soft decision parity bit. Further, the convention-
al reception device performs hard decision processing
on a plurality of middle bits of a symbol and the most
significant bit of the symbol by using a bit value of the
least significant bit of the symbol after the soft decision
error correction processing with respect to the symbol in
which the most significant bit is not the soft decision parity
bit, that is, a symbol corresponding to the symbol belong-
ing to the first symbol group in the conventional trans-
mission device.

CITATION LIST

NON-PATENT LITERATURE

[0006] Non-Patent Literature 1: K. Sugitani et al., "Par-
tial multilevel coding with probabilistic shaping for low-
power optical transmission", Proc. OECC/PSC 2019, Pa-
per TuB1-5.

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] In general, as the number of bits to be protected
by soft decision error correction increases, the amount
of calculation is required more, in the soft decision error
correction encoding processing. Thus, in the soft deci-
sion error correction encoding processing, it is desirable
to reduce the number of bits to be protected by the soft
decision error correction.
[0008] The soft decision error correction encoding
processing described in Non-Patent Literature 1 (Here-
inafter, it is referred to as "conventional soft decision error
correction encoding processing".) uses the least signifi-
cant bit, and the plurality of middle bits that is the target
of the Gray encoding processing. For that reason, there
has been a problem in the conventional soft decision error
correction encoding processing that all bits other than
the most significant bit are to be protected by the soft
decision error correction.
[0009] The present disclosure is for solving the above-
described problem, and is intended to provide an error
correction encoding device capable of reducing the
number of bits to be protected by the soft decision error
correction as compared with the conventional soft deci-
sion error correction encoding processing.

SOLUTION TO PROBLEM

[0010] An error correction encoding device according
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to the present disclosure includes: an input information
acquiring unit to acquire input information; an encoding
unit to generate soft decision error correction frame in-
formation including a bit array of m rows and N columns
on the basis of the input information acquired by the input
information acquiring unit, the bit array being obtained
by combining first bit string group information and second
bit string group information, the first bit string group in-
formation including a bit array of m rows and N1 columns
in which it is enabled to perform pulse amplitude modu-
lation of a combination of bit values of each column of
the first bit string group information into a modulation
symbol by using a predetermined first symbol mapping
rule, the second bit string group information including a
bit array of m rows and N2 columns in which it is enabled
to perform pulse amplitude modulation of a combination
of bit values of each column of the second bit string group
information into a modulation symbol by using a prede-
termined second symbol mapping rule, where m is a nat-
ural number of greater than or equal to 2, N1 is a natural
number of greater than or equal to 2, N2 is a natural
number of greater than or equal to 1, and N is a number
obtained by adding N1 and N2 together; a modulation
symbol conversion unit to generate modulation symbol
group information including N pieces of the modulation
symbols by performing pulse amplitude modulation of a
combination of bit values of each column of the soft de-
cision error correction frame information generated by
the encoding unit into the modulation symbol for each
column of the soft decision error correction frame infor-
mation by using the first symbol mapping rule or the sec-
ond symbol mapping rule; and a transmission waveform
shaping unit to generate a digital baseband modulation
signal on the basis of the modulation symbol group in-
formation generated by the modulation symbol conver-
sion unit and output the digital baseband modulation sig-
nal generated, wherein the encoding unit generates the
soft decision error correction frame information by: gen-
erating first input bit array information including a bit array
of m - 1 rows and N columns and second input bit array
information including a bit array of one row and N3 col-
umns on the basis of the input information acquired by
the input information acquiring unit, where N3 is a natural
number of greater than or equal to 1 and less than N1;
storing the second input bit array information generated
as a part of first MSB information including a bit array of
one row and N1 columns in a predetermined area of a
first row in the first bit string group information; generating
shaped bit array information including a bit array of m -
1 rows and N columns by performing probability distribu-
tion shaping encoding processing on the first input bit
array information generated; generating first group bit
array information including a combination of N1 prede-
termined columns and second group bit array information
including a combination of N2 predetermined columns
by separating the shaped bit array information generated;
generating first LSB information including a bit array of
one row and N1 columns by extracting, from the first

group bit array information generated, a bit array of the
(m - 1)-th row in the first group bit array information, gen-
erating inverted first LSB information including a bit array
of one row and N1 columns by calculating exclusive ORs
of bit values of each columns in the first LSB information
generated and each bit values of each columns in infor-
mation of the first row in the first bit string group informa-
tion after storing the second input bit array information,
the columns in the information of the first row in the first
bit string group information each corresponding to the
columns in the first LSB information, and storing the in-
verted first LSB information generated in the m-th row in
the first bit string group information; generating second
LSB information including a bit array of one row and N2
columns by extracting a bit array of the (m - 1)-th row in
the second group bit array information from the second
group bit array information generated, and storing the
second LSB information generated in the m-th row in the
second bit string group information; generating a soft de-
cision parity bit by performing systematic soft decision
error correction encoding processing by using the invert-
ed first LSB information generated and the second LSB
information generated, and storing the soft decision par-
ity bit generated, in the first row in the second bit string
group information as second MSB information including
a bit array of one row and N2 columns; in a case where
m is greater than or equal to 3, generating first SSB in-
formation including a bit array of m - 2 rows and N1 col-
umns by extracting, from the first group bit array infor-
mation generated, the first row to the (m - 2)-th row in
the first group bit array information, and storing the first
SSB information generated, in a second row to the (m -
1)-th row in the first bit string group information; and in
the case where m is greater than or equal to 3, generating
second SSB information including a bit array of m - 2
rows and N2 columns by extracting, from the second
group bit array information generated, the first row to the
(m - 2)-th row in the second group bit array information,
and storing the second SSB information generated, in
the second row to the (m - 1)-th row in the second bit
string group information.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to the present disclosure, the number
of bits to be protected by the soft decision error correction
can be reduced as compared with the conventional soft
decision error correction encoding processing.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

FIG. 1 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a commu-
nication system according to a first embodiment.
FIG. 2 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
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correction encoding device according to the first em-
bodiment.
FIG. 3 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an encoding
unit according to the first embodiment.
FIG. 4A is an explanatory diagram for describing an
example of a first symbol mapping rule according to
the first embodiment.
FIG. 4B is an explanatory diagram for describing an
example of a second symbol mapping rule according
to the first embodiment.
FIGS. 5A and 5B are diagrams illustrating examples
of a hardware configuration of the error correction
encoding device according to the first embodiment.
FIG. 6A is a part of a flowchart illustrating an example
of processing performed by the error correction en-
coding device according to the first embodiment.
FIG. 6B is another part of the flowchart illustrating
the example of the processing performed by the error
correction encoding device according to the first em-
bodiment.
FIG. 6C is a remaining part of the flowchart illustrat-
ing the example of the processing performed by the
error correction encoding device according to the
first embodiment.
FIG. 7 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction device according to the first embodiment.
FIG. 8 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a decoding
unit according to the first embodiment.
FIGS. 9A and 9B are diagrams illustrating examples
of a hardware configuration of the error correction
device according to the first embodiment.
FIG. 10A is a part of a flowchart illustrating an ex-
ample of processing performed by the error correc-
tion device according to the first embodiment.
FIG. 10B is another part of the flowchart illustrating
the example of the processing performed by the error
correction device according to the first embodiment.
FIG. 10C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction device according to the first em-
bodiment.
FIG. 11 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a commu-
nication system according to a second embodiment.
FIG. 12 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction encoding device according to the second
embodiment.
FIG. 13 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an encoding
unit according to the second embodiment.
FIG. 14A is a part of a flowchart illustrating an ex-
ample of processing performed by the error correc-
tion encoding device according to the second em-
bodiment.

FIG. 14B is another part of the flowchart illustrating
the example of the processing performed by the error
correction encoding device according to the second
embodiment.
FIG. 14C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction encoding device according to the
second embodiment.
FIG. 15 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction device according to the second embodi-
ment.
FIG. 16 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a decoding
unit according to the second embodiment.
FIG. 17A is a part of a flowchart illustrating an ex-
ample of processing performed by the error correc-
tion device according to the second embodiment.
FIG. 17B is another part of the flowchart illustrating
the example of the processing performed by the error
correction device according to the second embodi-
ment.
FIG. 17C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction device according to the second
embodiment.
FIG. 18 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a commu-
nication system according to a third embodiment.
FIG. 19 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction encoding device according to the third em-
bodiment.
FIG. 20 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an encoding
unit according to the third embodiment.
FIG. 21Ais a part of a flowchart illustrating an exam-
ple of processing performed by the error correction
encoding device according to the third embodiment.
FIG. 21B is another part of the flowchart illustrating
the example of the processing performed by the error
correction encoding device according to the third em-
bodiment.
FIG. 21C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction encoding device according to the
third embodiment.
FIG. 22 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction device according to the third embodiment.
FIG. 23 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a decoding
unit according to the third embodiment.
FIG. 24A is a part of a flowchart illustrating an ex-
ample of processing performed by the error correc-
tion device according to the third embodiment.
FIG. 24B is another part of the flowchart illustrating
the example of the processing performed by the error
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correction device according to the third embodiment.
FIG. 24C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction device according to the third em-
bodiment.
FIG. 25A is an explanatory diagram illustrating an
example of a bit array space in which soft decision
error correction frame information before an inter-
leaving unit according to the third embodiment per-
forms switching is stored.
FIG. 25B is an explanatory diagram illustrating an
example of the bit array space in which soft decision
error correction frame information after the interleav-
ing unit according to the third embodiment performs
switching is stored.
FIG. 26A is an explanatory diagram illustrating an
example of modulation symbol group information in
a case where the error correction encoding device
according to the third embodiment does not include
the interleaving unit.
FIG. 26B is an explanatory diagram illustrating an
example of the modulation symbol group information
in a case where the error correction encoding device
according to the third embodiment includes the in-
terleaving unit.
FIG. 27A is an explanatory diagram illustrating an
example of a bit array space in which soft decision
error correction frame information before an LSB in-
terleaving unit according to the third embodiment
performs switching is stored.
FIG. 27B is an explanatory diagram illustrating an
example of the bit array space in which soft decision
error correction frame information after the LSB in-
terleaving unit according to the third embodiment
performs switching is stored.
FIG. 28 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a commu-
nication system according to a modification of the
first embodiment.
FIG. 29 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction encoding device according to the modifi-
cation of the first embodiment.
FIG. 30 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an encoding
unit according to the modification of the first embod-
iment.
FIG. 31A is a part of a flowchart illustrating an ex-
ample of processing performed by the error correc-
tion encoding device according to the modification
of the first embodiment.
FIG. 31B is another part of the flowchart illustrating
the example of the processing performed by the error
correction encoding device according to the modifi-
cation of the first embodiment.
FIG. 31C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction encoding device according to the

modification of the first embodiment.
FIG. 32 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction device according to the modification of the
first embodiment.
FIG. 33 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a decoding
unit according to the modification of the first embod-
iment.
FIG. 34A is a part of a flowchart illustrating an ex-
ample of processing performed by the error correc-
tion device according to the modification of the first
embodiment.
FIG. 34B is another part of the flowchart illustrating
the example of the processing performed by the error
correction device according to the modification of the
first embodiment.
FIG. 34C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction device according to the modifi-
cation of the first embodiment.
FIG. 35 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a commu-
nication system according to a modification of the
second embodiment.
FIG. 36 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction encoding device according to the modifi-
cation of the second embodiment.
FIG. 37 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an encoding
unit according to the modification of the second em-
bodiment.
FIG. 38A is a part of a flowchart illustrating an ex-
ample of processing performed by the error correc-
tion encoding device according to the modification
of the second embodiment.
FIG. 38B is another part of the flowchart illustrating
the example of the processing performed by the error
correction encoding device according to the modifi-
cation of the second embodiment.
FIG. 38C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction encoding device according to the
modification of the second embodiment.
FIG. 39 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of an error
correction device according to the modification of the
second embodiment.
FIG. 40 is a configuration diagram illustrating an ex-
ample of a configuration of a main part of a decoding
unit according to the modification of the second em-
bodiment.
FIG. 41Ais a part of a flowchart illustrating an exam-
ple of processing performed by the error correction
device according to the modification of the second
embodiment.
FIG. 41B is another part of the flowchart illustrating
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the example of the processing performed by the error
correction device according to the modification of the
second embodiment.
FIG. 41C is a remaining part of the flowchart illus-
trating the example of the processing performed by
the error correction device according to the modifi-
cation of the second embodiment.

DESCRIPTION OF EMBODIMENTS

[0013] Hereinafter, to explain the present disclosure in
more detail, embodiments for carrying out the present
disclosure will be described with reference to the accom-
panying drawings.

First Embodiment.

[0014] A configuration of a main part of a communica-
tion system 1 according to a first embodiment will be de-
scribed with reference to FIG. 1.
[0015] FIG. 1 is a configuration diagram illustrating an
example of the configuration of the main part of the com-
munication system 1 according to the first embodiment.
[0016] In the first embodiment, as an example, the
communication system 1 is described as an optical com-
munication system, but the optical communication sys-
tem is merely an example, and the communication sys-
tem 1 is not limited to the optical communication system.
For example, the communication system 1 may be a com-
munication system by wireless communication, metal
communication, or the like.
[0017] The communication system 1 includes a trans-
mission device 10, a transmission path 30, and a recep-
tion device 20.
[0018] The transmission device 10 acquires input in-
formation and outputs a signal based on the acquired
input information. Since the communication system 1 il-
lustrated in FIG. 1 is the optical communication system,
the transmission device 10 illustrated in FIG. 1 is an op-
tical transmission device to output an optical signal.
[0019] The transmission path 30 transmits the signal
output by the transmission device 10 to the reception
device 20. Since the communication system 1 illustrated
in FIG. 1 is the optical communication system, the trans-
mission path 30 illustrated in FIG. 1 is an optical trans-
mission path capable of transmitting the optical signal
output by the transmission device 10 to the reception
device 20. The transmission path 30 includes, for exam-
ple, an optical cross-connect device, a transmission op-
tical fiber, and an optical amplifier, all of which are not
illustrated. The optical cross-connect device includes a
wavelength selective switch, a wavelength multiplexing
device, a wavelength separation device, an optical cou-
pler, or the like. The transmission optical fiber includes
a single-core single-mode fiber, a spatial multiplexing fib-
er, or the like. The optical amplifier includes an erbium-
doped optical amplifier, a Raman optical amplifier, or the
like.

[0020] The reception device 20 receives the signal out-
put by the transmission device 10 via the transmission
path 30, generates output information corresponding to
the input information on the basis of the signal, and out-
puts the generated output information. Since the com-
munication system 1 illustrated in FIG. 1 is the optical
communication system, the reception device 20 illustrat-
ed in FIG. 1 is an optical reception device to receive the
optical signal.
[0021] The transmission device 10 includes an error
correction encoding device 100, a D/A converter 11, a
transmission light source 12, and an optical modulator
13. The D/A converter 11, the transmission light source
12, and the optical modulator 13 constitute a transmis-
sion unit.
[0022] The error correction encoding device 100 ac-
quires the input information input from the outside of the
device, and generates a digital baseband modulation sig-
nal on the basis of the acquired input information. The
error correction encoding device 100 outputs the gener-
ated digital baseband modulation signal to the D/A con-
verter 11.
[0023] The D/A converter 11 receives the digital base-
band modulation signal output from the error correction
encoding device 100, converts the digital baseband mod-
ulation signal into a transmission electrical signal that is
an analog baseband modulation signal, and outputs the
transmission electrical signal after conversion. The D/A
converter 11 may convert the digital baseband modula-
tion signal into the analog baseband modulation signal,
electrically amplify the analog baseband modulation sig-
nal, and output an amplified analog baseband modulation
signal as the transmission electrical signal.
[0024] The transmission light source 12 outputs un-
modulated light having a single wavelength. The trans-
mission light source 12 includes an external resonator
type wavelength tunable light source or the like. The
transmission light source 12 generates, for example, un-
modulated light having a center wavelength of 1550 na-
nometers (Hereinafter, it is denoted as "nm".), and out-
puts the generated unmodulated light to the optical mod-
ulator 13.
[0025] The optical modulator 13 receives the transmis-
sion electrical signal output by the D/A converter 11 and
the unmodulated light output by the transmission light
source 12, modulates the unmodulated light with the
transmission electrical signal to generate modulated
light, and outputs the generated modulated light to the
transmission path 30 as a modulated optical signal. The
optical modulator 13 includes a polarization multiplexing
quadrature phase modulator or the like.
[0026] The reception device 20 includes a reception
light source 22, an optical receiver 21, an A/D converter
23, and an error correction device 200. The reception
light source 22, the optical receiver 21, and the A/D con-
verter 23 constitute a reception unit.
[0027] The reception light source 22 outputs unmodu-
lated light having a single wavelength corresponding to
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the center wavelength of the modulated light that is the
modulated optical signal output from the transmission
device 10 to the transmission path 30. The reception light
source 22 includes an external resonator type wave-
length tunable light source or the like, generates unmodu-
lated light having a center wavelength of 1550 nm, for
example, and outputs the generated unmodulated light
to the optical receiver 21.
[0028] The optical receiver 21 receives the modulated
optical signal output by the transmission device 10 to the
transmission path 30 and the unmodulated light output
by the reception light source 22. The optical receiver 21
generates a reception electrical signal that is a reception
analog baseband modulation signal by performing co-
herent detection using the modulated light that is modu-
lated optical signal, and unmodulated light, and outputs
the generated reception electrical signal to the A/D con-
verter 23.
[0029] The A/D converter 23 receives the reception
electrical signal output by the optical receiver 21, con-
verts the reception electrical signal into a reception digital
baseband modulation signal, and outputs the reception
digital baseband modulation signal after conversion.
Specifically, the A/D converter 23 samples the reception
analog baseband modulation signal that is the reception
electrical signal, converts the signal into the digital base-
band modulation signal, and outputs the digital baseband
modulation signal to the error correction device 200. The
A/D converter 23 may amplify the reception electrical sig-
nal and convert an amplified reception electrical signal
into the reception digital baseband modulation signal.
[0030] The error correction device 200 receives the re-
ception digital baseband modulation signal output by the
A/D converter 23, generates the output information cor-
responding to the input information on the basis of the
reception digital baseband modulation signal, and out-
puts the generated output information.
[0031] A configuration of a main part of the error cor-
rection encoding device 100 according to the first em-
bodiment will be described with reference to FIG. 2.
[0032] FIG. 2 is a configuration diagram illustrating an
example of the configuration of the main part of the error
correction encoding device 100 according to the first em-
bodiment.
[0033] The error correction encoding device 100 in-
cludes an input information acquiring unit 110, an encod-
ing unit 120, a modulation symbol conversion unit 130,
and a transmission waveform shaping unit 140.
[0034] The input information acquiring unit 110 ac-
quires input information.
[0035] The encoding unit 120 generates soft decision
error correction frame information obtained by combining
first bit string group information and second bit string
group information on the basis of the input information
acquired by the input information acquiring unit 110.
[0036] The first bit string group information is informa-
tion including a bit array of m (m is a natural number of
greater than or equal to 2) rows and N1 (N1 is a natural

number of greater than or equal to 2) columns, and is
information in which it is enabled to perform pulse am-
plitude modulation of a combination of bit values of each
column of the first bit string group information into a mod-
ulation symbol by using a predetermined first symbol
mapping rule.
[0037] The second bit string group information is infor-
mation including a bit array of m rows and an N2 (N2 is
a natural number of greater than or equal to 1) column,
and is information in which it is enabled to perform pulse
amplitude modulation of a combination of bit values of
each column of the second bit string group information
into a modulation symbol by using a predetermined sec-
ond symbol mapping rule.
[0038] The soft decision error correction frame infor-
mation is information obtained by combining the first bit
string group information and the second bit string group
information, and is information including a bit array of m
rows and N columns (N is a number obtained by adding
N1 and N2 together).
[0039] Details of the encoding unit 120 will be de-
scribed later.
[0040] In the following description, it is assumed that
the soft decision error correction frame information is
stored in "D" that is a bit array space of m rows and N
columns.
[0041] In addition, in D that is a bit array space, a bit
array space of m rows and N1 columns in which the first
bit string group information is stored is denoted as
"Dd[1]", and a bit array space of m rows and N2 columns
in which the second bit string group information is stored
is denoted as "Dd[2]".
[0042] In addition, in the following description, q - p +
1 elements from p (p is a natural number of greater than
or equal to 1) to q (q is a natural number of greater than
or equal to p) are denoted as "p : q".
[0043] In addition, in Dd[1 : m] that is a bit array space,
a bit array space of one row and N columns in which the
most significant bit (MSB) is stored is denoted as
"Dv[1][1 : 2]". In the following description, information
stored in Dv[1][1] is referred to as first MSB information,
and information stored in Dv[1][2] is referred to as second
MSB information.
[0044] In addition, in Dd[1 : m] that is a bit array space,
a bit array space of one row and N columns in which the
least significant bit (LSB) is stored is denoted as
"Dv[m][1 : 2]". In the following description, information
stored in Dv[m][1] is referred to as first LSB information,
and information stored in Dv[m][2] is referred to as sec-
ond LSB information.
[0045] In addition, in Dd[1 : m] that is a bit array space,
a bit array space of m - 2 rows and N columns in which
a middle bit other than the MSB and the LSB is stored is
denoted as "Dv[2 : m - 1][1 : 2]". In the following descrip-
tion, information stored in Dv[2 : m - 1][1] is referred to
as first SSB information, and information stored in Dv[2 :
m - 1][2] is referred to as second SSB information.
[0046] Note that, in a case where m is 2, the first bit
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string group information includes only the first MSB in-
formation and the first LSB information, and the second
bit string group information includes only the second MSB
information and the second LSB information. Thus, in the
case where m is 2, since the first SSB information and
the second SSB information do not exist, Dv[2 : m - 1][1 :
2] is omitted.
[0047] In addition, in Dd[1 : m] that is a bit array space,
a bit space of the k-th (k is a natural number of greater
than or equal to 1 and less than or equal to N1 in Dd[1],
and is a natural number of greater than or equal to 1 and
less than or equal to N2 in Dd[2]) column is denoted as
"D[1 : m][1 : 2][k]".
[0048] In addition, a bit value of the soft decision error
correction frame information stored in D[1 : m][1 : 2][k]
that is a bit space is denoted as "B[1 : m][1 : 2][k]".
[0049] The modulation symbol conversion unit 130
performs pulse amplitude modulation of a combination
of bit values of each column of the soft decision error
correction frame information generated by the encoding
unit 120 into a modulation symbol for each column of the
soft decision error correction frame information, by using
the first symbol mapping rule or the second symbol map-
ping rule. The modulation symbol conversion unit 130
generates modulation symbol group information includ-
ing N modulation symbols by performing pulse amplitude
modulation for each column of the soft decision error cor-
rection frame information.
[0050] Specifically, for example, the modulation sym-
bol conversion unit 130 includes a first symbol mapping
unit 131 and a second symbol mapping unit 132.
[0051] The first symbol mapping unit 131 performs
pulse amplitude modulation of a combination of bit values
of each column of the first bit string group information in
the soft decision error correction frame information gen-
erated by the encoding unit 120 into a modulation symbol
for each column of the first bit string group information,
by using the predetermined first symbol mapping rule.
The first symbol mapping unit 131 generates first mod-
ulation symbol group information including N1 modula-
tion symbols by performing pulse amplitude modulation
for each column of the first bit string group information.
[0052] The second symbol mapping unit 132 performs
pulse amplitude modulation of a combination of bit values
of each column of the second bit string group information
in the soft decision error correction frame information
generated by the encoding unit 120 into a modulation
symbol for each column of the second bit string group
information, by using the predetermined second symbol
mapping rule. The second symbol mapping unit 132 gen-
erates second modulation symbol group information in-
cluding N2 modulation symbols by performing pulse am-
plitude modulation for each column of the second bit
string group information.
[0053] In the following description, a modulation sym-
bol after the pulse amplitude modulation is referred to as
a pulse-amplitude modulation (PAM) symbol.
[0054] In addition, the modulation symbol group infor-

mation generated by the modulation symbol conversion
unit 130 is denoted as [X], the first modulation symbol
group information is denoted as "Xv[1]", and the second
modulation symbol group information is denoted as
"Xv[2]".
[0055] In addition, among PAM symbols belonging to
Xv[1] that is the first modulation symbol group informa-
tion, a PAM symbol corresponding to B[1 : m][1][k] that
is a combination of bit values of the k-th column of the
first bit string group information is denoted as "X[1][k]".
[0056] In addition, among PAM symbols belonging to
Xv[2] that is the second modulation symbol group infor-
mation, a PAM symbol corresponding to B[1 : m][2][k]
that is a combination of bit values of the k-th column of
the second bit string group information is denoted as
"X[2][k]".
[0057] That is, the first symbol mapping unit 131 con-
verts B[1 : m][1][k] that is a combination of bit values of
the k-th row of the first bit string group information into
X[1][k] by using the first symbol mapping rule, and the
second symbol mapping unit 132 converts B[1 : m][2][k]
that is a combination of bit values of the k-th row of the
second bit string group information into X[2][k] by using
the second symbol mapping rule, whereby the modula-
tion symbol conversion unit 130 generates modulation
symbol group information including N PAM symbols.
[0058] Details of the first symbol mapping rule and the
second symbol mapping rule will be described later.
[0059] The transmission waveform shaping unit 140
generates a digital baseband modulation signal on the
basis of the modulation symbol group information includ-
ing the N PAM symbols generated by the modulation
symbol conversion unit 130, and outputs the generated
digital baseband modulation signal to the D/A converter
11.
[0060] Specifically, for example, the transmission
waveform shaping unit 140 includes a polarization mul-
tiplexing unit 141 and a transmission digital signal gen-
erating unit 142.
[0061] The polarization multiplexing unit 141 gener-
ates polarization multiplexing modulation symbols (Here-
inafter, the symbol is referred to as a "quadrature ampli-
tude modulation (QAM) symbol".) on the basis of the
modulation symbol group information generated by the
modulation symbol conversion unit 130.
[0062] Specifically, for example, the polarization mul-
tiplexing unit 141 generates the QAM symbol by perform-
ing quadrature amplitude modulation on X[1][1 : N1] that
is the first modulation symbol group information and
X[2][1 : N2] that is the first modulation symbol group in-
formation on the basis of the modulation symbol group
information generated by the modulation symbol conver-
sion unit 130.
[0063] Note that, a method of performing quadrature
amplitude modulation processing is known, and thus de-
tailed description of the method will be omitted.
[0064] The transmission digital signal generating unit
142 generates a digital baseband modulation signal
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based on the polarization multiplexing modulation sym-
bol generated by the polarization multiplexing unit 141.
The transmission digital signal generating unit 142 out-
puts the generated digital baseband modulation signal.
[0065] Note that, a method of generating a digital base-
band modulation signal based on a QAM symbol is
known, and thus detailed description of the method will
be omitted.
[0066] Specifically, the transmission digital signal gen-
erating unit 142 outputs the digital baseband modulation
signal generated on the basis of the QAM symbol to the
D/A converter 11.
[0067] When generating the digital baseband modula-
tion signal, the transmission digital signal generating unit
142 may perform up-sampling such as double up-sam-
pling, or processing such as root raised cosine low-pass
filtering. In addition, when generating the digital base-
band modulation signal, the transmission digital signal
generating unit 142 may perform band compensation,
delay difference compensation, amplitude adjustment,
or the like for the optical modulator 13, the transmission
path 30, the optical receiver 21, or the like.
[0068] Note that, a processing method for up-sam-
pling, root raised cosine low-pass filtering, band compen-
sation, delay difference compensation, amplitude adjust-
ment, or the like performed when the digital baseband
modulation signal is generated on the basis of the QAM
symbol is known, and thus detailed description of the
method will be omitted.
[0069] For example, in a case where the transmission
path 30 has a noise characteristic such as additive white
Gaussian noise (Hereinafter, it is referred to as "additive
white Gaussian noise (AWGN)".), a signal such as a mod-
ulated optical signal transmitted via the transmission path
30 needs to have a signal to noise ratio (Hereinafter, it
is referred to as a "signal-to-noise ratio (SNR)".) neces-
sary for obtaining desired communication quality. When
generating the digital baseband modulation signal, to
generate a signal having a desired SNR, the transmission
digital signal generating unit 142 shapes the QAM symbol
by adjusting a value of the QAM symbol so that an ab-
solute value of the QAM symbol has a distribution close
to a predetermined distribution such as a discrete Gaus-
sian distribution.
[0070] Note that, the discrete Gaussian distribution is
merely an example, and when generating the digital
baseband modulation signal, the transmission digital sig-
nal generating unit 142 only needs to adjust the value of
the QAM symbol so that the QAM symbol has a distribu-
tion conforming to a noise characteristic of the transmis-
sion path 30, and a method of adjusting the value of the
QAM symbol by the transmission digital signal generating
unit 142 is not limited to the method in which the QAM
symbol is adjusted to have a distribution close to the dis-
crete Gaussian distribution.
[0071] As described above, the error correction encod-
ing device 100 acquires the input information input from
the outside of the device, and generates the soft decision

error correction frame information on the basis of the ac-
quired input information. Further, the error correction en-
coding device 100 generates the digital baseband mod-
ulation signal based on the generated soft decision error
correction frame information, and outputs the generated
digital baseband modulation signal to the D/A converter
11.
[0072] In addition, the transmission device 10 converts
the digital baseband modulation signal generated on the
basis of the soft decision error correction frame informa-
tion based on the input information into the modulated
light that is the modulated optical signal via the D/A con-
verter 11 and the optical modulator 13, and outputs the
modulated light to the reception device 20.
[0073] A configuration of a main part of the encoding
unit 120 according to the first embodiment will be de-
scribed with reference to FIG. 3.
[0074] FIG. 3 is a configuration diagram illustrating an
example of the main part of the encoding unit 120 ac-
cording to the first embodiment.
[0075] The encoding unit 120 includes an input bit ar-
ray information generating unit 121, a probability distri-
bution shaping encoding unit 122, a bit inversion unit 123,
and a soft decision error correction encoding unit 124.
[0076] On the basis of the input information acquired
by the input information acquiring unit 110, the input bit
array information generating unit 121 generates first input
bit array information including a bit array of m - 1 rows
and N columns and second input bit array information
including a bit array of one row and N3 (N3 is a natural
number of greater than or equal to 1 and less than N1)
columns.
[0077] In a case where the input information is infor-
mation including the first input bit array information in-
cluding the bit array of m - 1 rows and N columns and
the second input bit array information including the bit
array of one row and N3 columns, the input bit array in-
formation generating unit 121 generates the first input bit
array information and the second input bit array informa-
tion by extracting each of the first input bit array informa-
tion and the second input bit array information from the
input information, or separating the input information into
the first input bit array information and the second input
bit array information.
[0078] In a case where the input information is infor-
mation corresponding to the first input bit array informa-
tion and the information includes information of the
number of bits less than (m - 1) 3 N, the input bit array
information generating unit 121 may generate the first
input bit array information by extracting the information
from the input information and shaping the extracted in-
formation into a bit array of m - 1 rows and N columns.
For example, when shaping the information into the bit
array of m - 1 rows and N columns, the input bit array
information generating unit 121 generates the first input
bit array information by setting a part of bit values in the
bit array of m - 1 rows and N columns as the information
and setting remaining bit values to predetermined values
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(for example, "0").
[0079] In a case where the input information is infor-
mation corresponding to the second input bit array infor-
mation and the information includes information of the
number of bits less than N3, the input bit array information
generating unit 121 may generate the second input bit
array information by extracting the information from the
input information and shaping the extracted information
into a bit array of one row and N3 columns. For example,
when shaping the information into the bit array of one
row and N3 columns, the input bit array information gen-
erating unit 121 generates the second input bit array in-
formation by setting a part of bit values in the bit array of
one row and N3 columns as the information and setting
remaining bit values to predetermined values (for exam-
ple, "0").
[0080] In a case where the input information does not
include the information corresponding to the first input
bit array information or the second input bit array infor-
mation, the input bit array information generating unit 121
may generate the first input bit array information or the
second input bit array information not included in the input
information by setting all the bit values of the first input
bit array information or the second input bit array infor-
mation not included in the input information to predeter-
mined values (for example, "0").
[0081] In a case where the input information is infor-
mation corresponding to the first input bit array informa-
tion and the information includes information of the
number of bits greater than (m - 1) 3 N, the input bit array
information generating unit 121 may divide the informa-
tion into a plurality of pieces of the first input bit array
information having the number of bits of less than or equal
to (m - 1) 3 N. For example, the error correction encoding
device 100 generates a plurality of pieces of soft decision
error correction frame information each corresponding
to the plurality of pieces of first input bit array information
divided, generates a plurality of digital baseband modu-
lation signals each corresponding to the plurality of piec-
es of soft decision error correction frame information, and
sequentially outputs the plurality of digital baseband
modulation signals generated.
[0082] In a case where the input information is infor-
mation corresponding to the second input bit array infor-
mation and the information includes information of the
number of bits greater than N3, the input bit array infor-
mation generating unit 121 may divide the information
into a plurality of pieces of the second input bit array
information having the number of bits of less than or equal
to N3. For example, the error correction encoding device
100 generates a plurality of pieces of soft decision error
correction frame information each corresponding to the
plurality of pieces of second input bit array information
divided, generates a plurality of digital baseband modu-
lation signals each corresponding to the plurality of piec-
es of soft decision error correction frame information, and
sequentially outputs the plurality of digital baseband
modulation signals generated.

[0083] With the above configuration, the error correc-
tion encoding device 100 can generate the soft decision
error correction frame information for the input informa-
tion having any number of bits and output the digital base-
band modulation signal based on the generated soft de-
cision error correction frame information.
[0084] The input bit array information generating unit
121 stores the generated second input bit array informa-
tion as a part of the first MSB information including a bit
array of one row and N1 columns in a predetermined
area (Hereinafter, the area is referred to as a "second
input bit area".) of the first row in the first bit string group
information.
[0085] Specifically, the input bit array information gen-
erating unit 121 stores the second input bit array infor-
mation in the second input bit area of Dv[1][1] that is a
bit array space in which the first MSB is stored. Herein-
after, the description will be given assuming that the sec-
ond input bit area is D[1][1][1 : N3].
[0086] The probability distribution shaping encoding
unit 122 generates shaped bit array information including
a bit array of m - 1 rows and N columns by performing
probability distribution shaping encoding processing on
the generated first input bit array information.
[0087] The probability distribution shaping encoding
unit 122 may collectively perform the probability distribu-
tion shaping encoding processing on the first input bit
array information, or may divide the first input bit array
information into a plurality of pieces of information and
perform the probability distribution shaping encoding
processing on each divided piece of information.
[0088] The probability distribution shaping encoding
unit 122 performs the probability distribution shaping en-
coding processing by using, for example, a method de-
scribed in "Hierarchical Distribution Matching for Proba-
bilistically Shaped Coded Modulation" (Journal of Light-
wave Technology, vol. 37, no. 6, pp. 1579-1589, March
2019.) by T. Yoshida et al.
[0089] The probability distribution shaping encoding
unit 122 stores the generated shaped bit array informa-
tion in Dv[2 : m][1 : 2] in D that is a bit array space.
[0090] Specifically, for example, the probability distri-
bution shaping encoding unit 122 generates the first LSB
information, the second LSB information, the first SSB
information, and the second SSB information by perform-
ing processing as described below. The probability dis-
tribution shaping encoding unit 122 stores the shaped bit
array information in Dv[2 : m][1 : 2] by storing the gener-
ated first LSB information, second LSB information, first
SSB information, and second SSB information in areas
in Dv[2 : m][1 : 2] respectively corresponding to the first
LSB information, the second LSB information, the first
SSB information, and the second SSB information.
[0091] First, the probability distribution shaping encod-
ing unit 122 generates first group bit array information
including a combination of N1 predetermined columns
and second group bit array information including a com-
bination of N2 predetermined columns by separating the

17 18 



EP 4 084 339 A1

11

5

10

15

20

25

30

35

40

45

50

55

generated shaped bit array information.
[0092] Further, the probability distribution shaping en-
coding unit 122 generates the first LSB information in-
cluding a bit array of one row and N1 columns by extract-
ing information of the (m - 1)-th row in the first group bit
array information from the generated first group bit array
information, and stores the first LSB information in the
m-th row in the first bit string group information.
[0093] Specifically, the probability distribution shaping
encoding unit 122 stores the generated first LSB infor-
mation in Dv[m][1] that is a bit array space.
[0094] In addition, the probability distribution shaping
encoding unit 122 generates the second LSB information
including a bit array of one row and N2 columns by ex-
tracting information of the (m - 1)-th row in the second
group bit array information from the generated second
group bit array information, and stores the generated sec-
ond LSB information in the m-th row in the second bit
string group information.
[0095] Specifically, the probability distribution shaping
encoding unit 122 stores the generated second LSB in-
formation in Dv[m][2] that is a bit array space.
[0096] In addition, in a case where m is greater than
or equal to 3, the probability distribution shaping encod-
ing unit 122 generates the first SSB information including
a bit array of m - 2 rows and N1 columns by extracting
information from the first row to the (m - 2)-th row in the
first group bit array information from the generated first
group bit array information, and stores the generated first
SSB information from the second row to the (m - 1)-th
row in the first bit string group information.
[0097] Specifically, the probability distribution shaping
encoding unit 122 stores the generated first SSB infor-
mation in Dv[2 : m - 1][1] that is a bit array space.
[0098] In addition, in the case where m is greater than
or equal to 3, the probability distribution shaping encod-
ing unit 122 generates the second SSB information in-
cluding a bit array of m - 2 rows and N2 columns by
extracting information from the first row to the (m - 2)-th
row in the second group bit array information from the
generated second group bit array information, and stores
the generated second SSB information from the second
row to the (m - 1)-th row in the second bit string group
information.
[0099] Specifically, the probability distribution shaping
encoding unit 122 stores the generated second SSB in-
formation in Dv[2 : m - 1][2] that is a bit array space.
[0100] The bit inversion unit 123 generates inverted
first LSB information including a bit array of one row and
N1 columns by calculating exclusive ORs of bit values
of each columns in the first LSB information and each bit
values of each columns in the first MSB information, the
columns in the first MSB information each corresponding
to the columns in the first LSB information.
[0101] Specifically, the bit inversion unit 123 calculates
an exclusive OR of B[m][1][k] that is a bit value of each
column in Dv[m][1] storing the first LSB information and
B[1][1][k] that is a bit value of each column in Dv[1][1]

storing the second input bit array information. The bit
inversion unit 123 stores the inverted first LSB informa-
tion that is a calculation result of the exclusive OR of all
the columns from the first column to the N1-th column,
in the m-th row in the first bit string group information.
Specifically, the bit inversion unit 123 stores the inverted
first LSB information that is the calculation result of the
exclusive OR in Dv[m][1] storing the first LSB information,
and overwrites B[m][1][1 : N1] with the inverted first LSB
information.
[0102] The soft decision error correction encoding unit
124 generates a soft decision parity bit by performing
systematic soft decision error correction encoding
processing by using the inverted first LSB information
generated by the bit inversion unit 123 and the second
LSB information generated by the probability distribution
shaping encoding unit 122. The soft decision error cor-
rection encoding unit 124 stores the generated soft de-
cision parity bit as second MSB information including a
bit array of one row and N2 columns in the first row of
the second bit string group information.
[0103] Specifically, the soft decision error correction
encoding unit 124 generates the soft decision parity bit
by performing the systematic soft decision error correc-
tion encoding processing by using B[m][1][1 : N1] that is
a bit value of each column in Dv[m][1] storing the inverted
first LSB information and B[m][2][1 : N2] that is a bit value
of each column in Dv[m][2] storing the second LSB infor-
mation. The soft decision error correction encoding unit
124 stores the generated soft decision parity bit as the
second MSB information in Dv[1][2] that is a bit array
space.
[0104] As the systematic soft decision error correction
encoding processing, a turbo product code, a low density
parity check code, a polar code, or the like is used.
[0105] With the above configuration, the encoding unit
120 generates the soft decision error correction frame
information by storing the soft decision error correction
frame information in Dv[1 : m][1 : 2] that is a bit array
space.
[0106] As described above, the encoding unit 120 per-
forms the systematic soft decision error correction en-
coding processing by using the bit value of each column
in Dv[m][1] and the bit value of each column in Dv[m][2].
For that reason, a bit to be protected by the soft decision
error correction encoding processing is only the least sig-
nificant bit of each column in Dd[1 : 2] in the soft decision
error correction frame information.
[0107] Thus, the encoding unit 120 can reduce the
number of bits to be protected by soft decision error cor-
rection as compared with the conventional soft decision
error correction encoding processing.
[0108] The first symbol mapping rule and the second
symbol mapping rule according to the first embodiment
will be described with reference to FIG. 4.
[0109] FIG. 4A is an explanatory diagram for describ-
ing an example of the first symbol mapping rule according
to the first embodiment. Specifically, FIG. 4A is a diagram
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illustrating a correspondence between B[1 : m][1][k] that
is a combination of bit values of D[1 : m][1][k] that is a bit
array space and X[1][k] that is a PAM symbol. Hereinaf-
ter, a correspondence between a combination of B[1 :
m][1][k] and X[1][k] that is a PAM symbol will be referred
to as the first symbol mapping rule and described.
[0110] FIG. 4B is an explanatory diagram for describ-
ing an example of the second symbol mapping rule ac-
cording to the first embodiment. Specifically, FIG. 4B is
a diagram illustrating a correspondence between B[1 :
m][2][k] that is a combination of bit values of D[1 : m][2][k]
that is a bit array space and X[2][k] that is a PAM symbol.
Hereinafter, a correspondence between a combination
of B[1 : m][2][k] and X[2][k] that is a PAM symbol will be
referred to as the second symbol mapping rule.
[0111] FIG. 4 illustrates, as an example, a case where
m is 4, and a case where the modulation symbol conver-
sion unit 130 performs 16-value pulse amplitude modu-
lation (Hereinafter, it is referred to as "16-PAM: 16-ary
PAM".) processing by using a combination of four bit val-
ues.
[0112] The modulation symbol conversion unit 130
performs one-dimensional pulse amplitude modulation
on a combination of bit values of each column of the soft
decision error correction frame information generated by
the encoding unit 120 into a modulation symbol for each
column of the soft decision error correction frame infor-
mation, by using the first symbol mapping rule or the sec-
ond symbol mapping rule indicated in FIG. 4 as an ex-
ample of the symbol mapping rule.
[0113] In the following description, it is assumed that
modulation symbol conversion unit 130 performs 16-
PAM processing by using a combination of four bit values
as an example, but the modulation symbol conversion
unit 130 is not limited thereto. That is, m only needs to
be greater than or equal to 2, and the modulation symbol
conversion unit 130 only needs to perform 2m-value pulse
amplitude modulation processing.
[0114] In the first symbol mapping rule indicated in FIG.
4A, the relationship between B[1 : m - 1][1][k] and X[1][k]
is equivalent to the binary reflected Gray code (Herein-
after, it is referred to as "Binary Reflected Gray Coding
(BRGC)".). In addition, the relationship between
B[m][1][k] and X[1][k] is one in which values of B[m][1][k]
each corresponding to two adjacent X[1][k] are different
from each other.
[0115] On the other hand, in the second symbol map-
ping rule indicated in FIG. 4B, the relationship between
B[1 : m - 1][2][k] and X[2][k] is equivalent to BRGC. In
addition, the relationship between B[m][2][k] and X[2][k]
is one in which B[m][2][k] corresponding to X[2][k] of a
positive value has the same value as B[m][1][k] corre-
sponding to X[1][k] having the same value as the value
of X[2][k], and B[m][2][k] corresponding to X[2][k] of a
negative value has a value obtained by inverting the value
of B[m][1][k] corresponding to X[1][k] having the same
value as the value of X[2][k].
[0116] Note that, the first symbol mapping rule and the

second symbol mapping rule indicated in FIG. 4 are
merely examples, and the first symbol mapping rule and
the second symbol mapping rule are not limited to those
indicated in FIG. 4. A combination of m bit values in the
first symbol mapping rule and the second symbol map-
ping rule is any combination of m bit values as long as
the first symbol mapping rule and the second symbol
mapping rule are those described above, and a value of
the PAM symbol is uniquely determined by the combina-
tion of m bit values.
[0117] As indicated in FIG. 4, in a case where the max-
imum value of the number of PAM symbols is 16, the
number of PAM symbols can be set to 8 or 4. In other
words, 16-PAM can be used as 8-PAM or 4-PAM
[0118] For example, in the case where m is greater
than or equal to 3, in a case where the number of valid
bits is me (me is a natural number of greater than or equal
to 2 and less than or equal to m) among combinations of
m bit values, the modulation symbol conversion unit 130
only needs to perform 2me-value pulse amplitude modu-
lation processing by using a combination of me bit values.
[0119] Specifically, for example, in a case where m is
4 and me is 3, by setting the value of B[2][1 : 2][k] among
B[1 : m][1 : 2][k] indicated in FIG. 4 to "0", the modulation
symbol conversion unit 130 can perform 23-value pulse
amplitude modulation processing that can perform con-
version into eight PAM symbols from -7 to 7, that is, 8-
value pulse amplitude modulation processing.
[0120] In addition, for example, in a case where m is
4 and me is 2, by setting the value of B[2 : 3][1 : 2][k]
among B[1 : m][1 : 2][k] indicated in FIG. 4 to "0", the
modulation symbol conversion unit 130 can perform
22-value pulse amplitude modulation processing that can
perform conversion into four PAM symbols from -3 to 3,
that is, 4-value pulse amplitude modulation processing.
[0121] Note that, in a case where there is an invalid bit
among the combinations of m bit values, for example, in
a case where the value of B[2][1 : 2][k] or the value of B
[2 : 3][1 : 2][k] described in the above example is set to
"0", the probability distribution shaping encoding unit 122
included in the encoding unit 120 may set information
corresponding to a row in which all the values are set to
"0" in the first input bit array information to be out of a
target of the probability distribution shaping encoding.
[0122] Regarding X[2][k], referring to the first symbol
mapping rule and the second symbol mapping rule indi-
cated in FIG. 4, if absolute values of amplitude values of
X[2][k] are the same, combinations of bit values of B[2 :
m][2][k] are the same, and B[1][2][k] indicates positive
and negative polarities of X[2][k].
[0123] Thus, the probability distribution shaping en-
coding unit 122 performs the probability distribution shap-
ing coding on information corresponding to B[2 : m][2][k]
in the first input bit array information, whereby the error
correction encoding device 100 can control an appear-
ance probability of a combination of bit values of B[2 :
m][2][k], that is, an appearance probability of an absolute
value of X[2][k].
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[0124] On the other hand, regarding X[1][k], referring
to the first symbol mapping rule and the second symbol
mapping rule indicated in FIG. 4, in a case where X[1][k]
is a positive value, the combination of bit values of B[1 :
m][1][k] corresponding to the value of X[1][k] is the same
as the combination of bit values of B[1 : m][2][k] corre-
sponding to X[2][k] having the same value as X[1][k]. In
addition, in a case where X[1][k] is a negative value, re-
garding X[1][k], the combination of bit values of B[2 :
m][1][k] corresponding to the value of X[1][k] and the com-
bination of bit values of B[2 : m][2][k] corresponding to
X[2][k] having the same value as X[1][k] are the same,
and the bit value of B[1][1][k] corresponding to X[1][k] is
a value obtained by inverting the bit value of B[1][2][k]
corresponding to X[2][k] having the same value as
X[1][k].
[0125] Thus, the probability distribution shaping en-
coding unit 122 performs the probability distribution shap-
ing coding on information corresponding to B[2 : m][1][k]
in the first input bit array information, and, further an ex-
clusive OR of B[1][1][k] and B[m][1][k] after the probability
distribution shaping coding by the bit inversion unit 123
is set as B[2 : m][1][k], whereby the error correction en-
coding device 100 can control an appearance probability
of a combination of bit values of B[2 : m][1][k], that is, an
appearance probability of an absolute value of X[1][k].
[0126] A hardware configuration of the main part of the
error correction encoding device 100 according to the
first embodiment will be described with reference to FIG.
5.
[0127] FIGS. 5A and 5B are diagrams illustrating ex-
amples of the hardware configuration of the error correc-
tion encoding device 100 according to the first embodi-
ment.
[0128] As illustrated in FIG. 5A, the error correction
encoding device 100 includes a computer, and the com-
puter includes a processor 501 and a memory 502. The
memory 502 stores a program for causing the computer
to function as the input information acquiring unit 110,
the encoding unit 120, the modulation symbol conversion
unit 130, and the transmission waveform shaping unit
140. The processor 501 reads and executes the program
stored in the memory 502, whereby functions of the input
information acquiring unit 110, the encoding unit 120, the
modulation symbol conversion unit 130, and the trans-
mission waveform shaping unit 140 are implemented.
[0129] In addition, as illustrated in FIG. 5B, the error
correction encoding device 100 may include a processing
circuit 503. In this case, the functions of the input infor-
mation acquiring unit 110, the encoding unit 120, the
modulation symbol conversion unit 130, and the trans-
mission waveform shaping unit 140 may be implemented
by the processing circuit 503.
[0130] In addition, the error correction encoding device
100 may include the processor 501, the memory 502,
and the processing circuit 503 (not illustrated). In this
case, some of the functions of the input information ac-
quiring unit 110, the encoding unit 120, the modulation

symbol conversion unit 130, and the transmission wave-
form shaping unit 140 may be implemented by the proc-
essor 501 and the memory 502, and remaining functions
may be implemented by the processing circuit 503.
[0131] The processor 501 uses, for example, a central
processing unit (CPU), a graphics processing unit (GPU),
a microprocessor, a microcontroller, or a digital signal
processor (DSP).
[0132] The memory 502 uses, for example, a semicon-
ductor memory or a magnetic disk. Specifically, the mem-
ory 502 uses, for example, a random access memory
(RAM), a read only memory (ROM), a flash memory, an
erasable programmable read only memory (EPROM), an
electrically erasable programmable read only memory
(EEPROM), a solid state drive (SSD), or a hard disk drive
(HDD).
[0133] The processing circuit 503 uses, for example,
an application specific integrated circuit (ASIC), a pro-
grammable logic device (PLD), a field-programmable
gate array (FPGA), a system-on-a-chip (SoC), or a sys-
tem large-scale integration (LSI).
[0134] Operation of the error correction encoding de-
vice 100 according to the first embodiment will be de-
scribed with reference to FIGS. 6A, 6B, and 6C.
[0135] FIG. 6A is a part of a flowchart illustrating an
example of processing performed by the error correction
encoding device 100 according to the first embodiment.
[0136] FIG. 6B is another part of the flowchart illustrat-
ing the example of the processing performed by the error
correction encoding device 100 according to the first em-
bodiment.
[0137] FIG. 6C is a remaining part of the flowchart il-
lustrating the example of the processing performed by
the error correction encoding device 100 according to
the first embodiment.
[0138] Hereinafter, FIGS. 6A, 6B, and 6C are collec-
tively denoted as FIG. 6.
[0139] The error correction encoding device 100 re-
peatedly executes the processing of the flowchart illus-
trated in FIG. 6.
[0140] First, in step ST601, the input information ac-
quiring unit 110 acquires the input information.
[0141] Next, in step ST610, the encoding unit 120 gen-
erates the soft decision error correction frame informa-
tion.
[0142] Specifically, the encoding unit 120 performs
processing of step ST610 by performing processing from
step ST611 to step ST618 in processing A below.
[0143] First, in step ST611, the input bit array informa-
tion generating unit 121 included in the encoding unit 120
generates the first input bit array information and the sec-
ond input bit array information.
[0144] Next, in step ST612, the input bit array informa-
tion generating unit 121 included in the encoding unit 120
stores the second input bit array information in the second
input bit area of Dv[1][1].
[0145] Next, in step ST613, the probability distribution
shaping encoding unit 122 included in the encoding unit
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120 generates the shaped bit array information.
[0146] Next, in step ST614, the probability distribution
shaping encoding unit 122 included in the encoding unit
120 stores the shaped bit array information in Dv[2 :
m][1 : 2].
[0147] Next, in step ST615, the bit inversion unit 123
included in the encoding unit 120 calculates exclusive
ORs of bit values of each columns in Dv[m][1] and bit
values of each columns in Dv[1][1].
[0148] Next, in step ST616, the bit inversion unit 123
included in the encoding unit 120 stores calculation re-
sults of the exclusive ORs in Dv[m][1] by overwriting the
bit values of each columns in Dv[m][1] with the calculation
results of the exclusive ORs.
[0149] Next, in step ST617, the soft decision error cor-
rection encoding unit 124 included in the encoding unit
120 generates the soft decision parity bit by performing
the systematic soft decision error correction encoding
processing by using the bit value of each column in
Dv[m][1] and the bit value of each column in Dv[m][2].
[0150] Next, in step ST618, the soft decision error cor-
rection encoding unit 124 included in the encoding unit
120 stores the soft decision parity bit in Dv[1][2].
[0151] After step ST618, the encoding unit 120 ends
the processing A. That is, after step ST618, the encoding
unit 120 ends the processing of step ST610.
[0152] After step ST610, in step ST620, the modulation
symbol conversion unit 130 generates the modulation
symbol group information including the N PAM symbols.
[0153] Specifically, the modulation symbol conversion
unit 130 performs processing of step ST620 by perform-
ing processing from step ST621 to step ST622 in
processing B below.
[0154] In step ST621, the first symbol mapping unit
131 included in the modulation symbol conversion unit
130 generates the first modulation symbol group infor-
mation including N1 PAM symbols.
[0155] Next, in step ST622, the second symbol map-
ping unit 132 included in the modulation symbol conver-
sion unit 130 generates the second modulation symbol
group information including N2 PAM symbols.
[0156] After step ST622, the modulation symbol con-
version unit 130 ends the processing B. That is, after step
ST622, the modulation symbol conversion unit 130 ends
the processing of step ST620.
[0157] Note that, the order of the processing in steps
ST621 and ST622 is any order.
[0158] After step ST620, in step ST630, the transmis-
sion waveform shaping unit 140 outputs the digital base-
band modulation signal.
[0159] Specifically, the transmission waveform shap-
ing unit 140 performs processing of step ST630 by per-
forming processing from step ST631 to step ST633 in
processing C below.
[0160] In step ST631, the polarization multiplexing unit
141 included in the transmission waveform shaping unit
140 generates the QAM symbol.
[0161] Next, in step ST632, the transmission digital sig-

nal generating unit 142 included in the transmission
waveform shaping unit 140 generates the digital base-
band modulation signal.
[0162] Next, in step ST633, the transmission digital sig-
nal generating unit 142 included in the transmission
waveform shaping unit 140 outputs the digital baseband
modulation signal.
[0163] After step ST633, the transmission waveform
shaping unit 140 ends the processing C. That is, after
step ST633, the transmission waveform shaping unit 140
ends the processing of step ST630.
[0164] After step ST630, the error correction encoding
device 100 ends the processing of the flowchart illustrat-
ed in FIG. 6, and the error correction encoding device
100 returns to the processing of step ST601 and repeat-
edly executes the processing of the flowchart illustrated
in FIG. 6.
[0165] A configuration of a main part of the error cor-
rection device 200 according to the first embodiment will
be described with reference to FIG. 7.
[0166] FIG. 7 is a configuration diagram illustrating an
example of the main part of the error correction device
200 according to the first embodiment.
[0167] The error correction device 200 includes a re-
ception modulation symbol group information generating
unit 210, a hard decision candidate generating unit 220,
a soft decision information generating unit 230, a decod-
ing unit 240, and an information output unit 290.
[0168] The reception modulation symbol group infor-
mation generating unit 210 receives the reception digital
baseband modulation signal that is the digital baseband
modulation signal output by the A/D converter 23. The
reception modulation symbol group information generat-
ing unit 210 generates reception modulation symbol
group information including N reception modulation sym-
bols (Hereinafter, the symbol is referred to as a "reception
PAM symbol".) that is modulation symbol group informa-
tion including N modulation symbols, on the basis of the
reception digital baseband modulation signal.
[0169] The reception digital baseband modulation sig-
nal received by the reception modulation symbol group
information generating unit 210 is a signal corresponding
to the digital baseband modulation signal output by the
transmission waveform shaping unit 140 included in the
error correction encoding device 100.
[0170] In addition, the reception modulation symbol
group information generated by the reception modulation
symbol group information generating unit 210 is informa-
tion corresponding to the modulation symbol group infor-
mation including the N modulation symbols generated
by the modulation symbol conversion unit 130 included
in the error correction encoding device 100.
[0171] That is, the reception modulation symbol group
information generating unit 210 restores the reception
modulation symbol group information corresponding to
the modulation symbol group information generated by
the modulation symbol conversion unit 130 on the basis
of the reception digital baseband modulation signal.
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[0172] The reception modulation symbol group infor-
mation generating unit 210 outputs the generated recep-
tion modulation symbol group information to the hard de-
cision candidate generating unit 220 and the soft decision
information generating unit 230.
[0173] Specifically, for example, the reception modu-
lation symbol group information generating unit 210 in-
cludes a reception polarization multiplexing symbol gen-
erating unit 211 and a reception modulation symbol gen-
erating unit 212.
[0174] The reception polarization multiplexing symbol
generating unit 211 receives the reception digital base-
band modulation signal output by the A/D converter 23,
and generates a reception polarization multiplexing mod-
ulation symbol (Hereinafter, it is referred to as "reception
QAM symbol".) that is the polarization multiplexing mod-
ulation symbol, from the reception digital baseband mod-
ulation signal.
[0175] The reception QAM symbol generated by the
reception polarization multiplexing symbol generating
unit 211 corresponds to the QAM symbol generated by
the polarization multiplexing unit 141 included in the
transmission waveform shaping unit 140 in the error cor-
rection encoding device 100.
[0176] That is, the reception polarization multiplexing
symbol generating unit 211 restores the reception PAM
symbol corresponding to the QAM symbol generated by
the polarization multiplexing unit 141 from the reception
digital baseband modulation signal.
[0177] Note that, a method of generating a QAM sym-
bol from a digital baseband modulation signal is known,
and thus detailed description of the method will be omit-
ted.
[0178] The reception modulation symbol generating
unit 212 generates reception modulation symbol group
information including N reception PAM symbols on the
basis of the reception QAM symbol restored by the re-
ception polarization multiplexing symbol generating unit
211.
[0179] Specifically, the reception modulation symbol
generating unit 212 generates first reception modulation
symbol group information including N1 reception PAM
symbols and second reception modulation symbol group
information including N2 reception PAM symbols.
[0180] The first reception modulation symbol group in-
formation generated by the reception modulation symbol
generating unit 212 is information corresponding to the
first modulation symbol group information generated by
the first symbol mapping unit 131 included in the modu-
lation symbol conversion unit 130.
[0181] In addition, the second reception modulation
symbol group information generated by the reception
modulation symbol generating unit 212 is information cor-
responding to the second modulation symbol group in-
formation generated by the second symbol mapping unit
132 included in the modulation symbol conversion unit
130.
[0182] In the following description, the reception mod-

ulation symbol group information generated by the re-
ception modulation symbol generating unit 212 is denot-
ed as "Y", the first reception modulation symbol group
information is denoted as "Yv[1]", and the second recep-
tion modulation symbol group information is denoted as
"Yv[2]" .
[0183] In addition, among the reception PAM symbols
belonging to Yv[1] that is the first reception modulation
symbol group information, a reception PAM symbol cor-
responding to X[1][k] that is the PAM symbol belonging
to the first modulation symbol group information gener-
ated by the first symbol mapping unit 131 is denoted as
"Y[1][k]".
[0184] In addition, among the reception PAM symbols
belonging to Yv[2] that is the second reception modula-
tion symbol group information, a reception PAM symbol
corresponding to X[2][k] that is the PAM symbol belong-
ing to the second modulation symbol group information
generated by the second symbol mapping unit 132 is
denoted as "Y[2][k]".
[0185] The reception modulation symbol generating
unit 212 outputs the generated first reception modulation
symbol group information and second reception modu-
lation symbol group information to the hard decision can-
didate generating unit 220 and the soft decision informa-
tion generating unit 230.
[0186] Note that, a method of generating a PAM sym-
bol from a QAM symbol is known, and thus detailed de-
scription of the method will be omitted.
[0187] The hard decision candidate generating unit
220 generates first hard decision candidate bit array in-
formation, second hard decision candidate bit array in-
formation, and third hard decision candidate bit array in-
formation by using the reception modulation symbol
group information generated by the reception modulation
symbol group information generating unit 210 on the ba-
sis of the first symbol mapping rule or the second symbol
mapping rule.
[0188] Specifically, for example, the hard decision can-
didate generating unit 220 includes a first hard decision
candidate generating unit 221 to generate the first hard
decision candidate bit array information, a second hard
decision candidate generating unit 222 to generate the
second hard decision candidate bit array information, and
a third hard decision candidate generating unit 223 to
generate the third hard decision candidate bit array in-
formation.
[0189] The first hard decision candidate generating
unit 221 generates HI0v[1][1] and HI1v[1][1] each of
which is the first hard decision candidate bit array infor-
mation including a bit array of one row and N1 columns,
by using Y[1][1 : N1] that is the first reception modulation
symbol group information, on the basis of the first symbol
mapping rule.
[0190] A bit value of the k-th column of HI0v[1][1] is a
hard decision value obtained by performing hard decision
on a value of Y[1][k] in a case where the bit value of
B[m][1][k] that is the LSB of B[1 : m][1][k] that is a com-
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bination of bit values corresponding to X[1][k] corre-
sponding to Y[1][k] is "0".
[0191] Specifically, for example, the first hard decision
candidate generating unit 221 determines the bit value
of the k-th column of HI0v[1][1] on the basis of the first
symbol mapping rule indicated in FIG. 4A.
[0192] More specifically, in a case where the bit value
of B[m][1][k] is "0", referring to the first symbol mapping
rule indicated in FIG. 4A, X[1][k] can take any one of eight
values of -15, -11, -7, -3, 1, 5, 9, and 13. The first hard
decision candidate generating unit 221 compares the
above-described eight values with the value of Y[1][k],
and determines that the value of X[1][k] having the max-
imum posterior probability among the above-described
eight values is the value of Y[1][k]. The first hard decision
candidate generating unit 221 generates HI0v[1][1] by
setting B[m][1][k] that is the LSB of B[1 : m][1][k] that is
a combination of bit values corresponding to the value
of X[1][k] having the maximum posterior probability as
the bit value of the k-th column of HI0v[1][1].
[0193] Similarly, a bit value of the k-th column of
H21v[1][1] is a hard decision value obtained by perform-
ing hard decision on the value of Y[1][k] in a case where
the bit value of B[m][1][k] that is the LSB of B[1 : m][1][k]
that is a combination of bit values corresponding to X[1][k]
corresponding to Y[1][k] is "1".
[0194] Specifically, for example, the first hard decision
candidate generating unit 221 determines the bit value
of the k-th column of HI1v[1][1] on the basis of the first
symbol mapping rule indicated in FIG. 4A.
[0195] More specifically, in a case where the bit value
of B[m][1][k] is "1", referring to the first symbol mapping
rule indicated in FIG. 4A, X[1][k] can take any one of eight
values of -13, -9, -5, -1, 3, 7, 11, and 15. The first hard
decision candidate generating unit 221 compares the
above-described eight values with the value of Y[1][k],
and determines that the value of X[1][k] having the max-
imum posterior probability among the above-described
eight values is the value of Y[1][k]. The first hard decision
candidate generating unit 221 generates HI1v[1][1] by
setting B[m][1][k] that is the LSB of B[1 : m][1][k] that is
a combination of bit values corresponding to the value
of X[1][k] having the maximum posterior probability as
the bit value of the k-th column of HI1v[1][1].
[0196] In the case where m is greater than or equal to
3, the second hard decision candidate generating unit
222 generates HI0v[2 : m - 1][1] and HI1v[2 : m - 1][1]
each of which is hard decision candidate bit array infor-
mation of m - 2 rows and N1 columns, by using Y[1][1 :
N1] that is the first reception modulation symbol group
information, on the basis of the first symbol mapping rule.
[0197] A bit value of the k-th column of HI0v[2 : m -
1][1] is a hard decision value obtained by performing hard
decision on the value of Y[1][k] in a case where the bit
value of B[m][1][k] that is the LSB of B[1 : m][1][k] that is
a combination of bit values corresponding to X[1][k] cor-
responding to Y[1][k] is "0".
[0198] Specifically, for example, the second hard de-

cision candidate generating unit 222 determines the bit
value of the k-th column of HI0v[2 : m - 1][1] on the basis
of the first symbol mapping rule indicated in FIG. 4A.
[0199] More specifically, in a case where the bit value
of B[m][1][k] is "0", referring to the first symbol mapping
rule indicated in FIG. 4A, X[1][k] can take any one of eight
values of -15, -11, -7, -3, 1, 5, 9, and 13. The second
hard decision candidate generating unit 222 compares
the above-described eight values with the value of
Y[1][k], and determines that the value of X[1][k] having
the maximum posterior probability among the above-de-
scribed eight values is the value of Y[1][k]. The second
hard decision candidate generating unit 222 generates
HI0v[2 : m - 1][1] by setting B[2 : m - 1][1][k] as bit values
of the k-th column of HI0v[2 : m - 1][1] of B[1 : m][1][k]
that is a combination of bit values corresponding to the
value of X[1][k] having the maximum posterior probability.
[0200] Similarly, a bit value of the k-th column of
H21v[2 : m - 1][1] is a hard decision value obtained by
performing hard decision on the value of Y[1][k] in a case
where the bit value of B[m][1][k] that is the LSB of B[1 :
m][1][k] that is a combination of bit values corresponding
to X[1][k] corresponding to Y[1][k] is "1 ".
[0201] Specifically, for example, the second hard de-
cision candidate generating unit 222 determines a bit val-
ue of the k-th column of HI1v[2 : m - 1][1] on the basis of
the first symbol mapping rule indicated in FIG. 4A.
[0202] More specifically, in a case where the bit value
of B[m][1][k] is "1", referring to the first symbol mapping
rule indicated in FIG. 4A, X[1][k] can take any one of eight
values of -13, -9, -5, -1, 3, 7, 11, and 15. The second
hard decision candidate generating unit 222 compares
the above-described eight values with the value of
Y[1][k], and determines that the value of X[1][k] having
the maximum posterior probability among the above-de-
scribed eight values is the value of Y[1][k]. The second
hard decision candidate generating unit 222 generates
HI1v[2 : m - 1][1] by setting B[2 : m - 1][1][k] as bit values
of the k-th column of HI1v[2 : m - 1][1] of B[1 : m][1][k]
that is a combination of bit values corresponding to the
value of X[1][k] having the maximum posterior probability.
[0203] In the case where m is greater than or equal to
3, the third hard decision candidate generating unit 223
generates HI0v[2 : m - 1][2] and HI1v[2 : m - 1][2] each
of which is hard decision candidate bit array information
of m - 2 rows and N2 columns, by using Y[2] that is the
second reception modulation symbol group information,
on the basis of the second symbol mapping rule.
[0204] A bit value of the k-th column of HI0v[2 : m -
1][2] is a hard decision value obtained by performing hard
decision on the value of Y[2][k] in a case where the bit
value of B[m][2][k] that is the LSB of B[1 : m][2][k] that is
a combination of bit values corresponding to X[2][k] cor-
responding to Y[2][k] is "0".
[0205] Specifically, for example, the third hard decision
candidate generating unit 223 determines a bit value of
the k-th column of HI0v[2 : m - 1][2] on the basis of the
second symbol mapping rule indicated in FIG. 4B.
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[0206] More specifically, in a case where the bit value
of B[m][2][k] is "0", referring to the second symbol map-
ping rule indicated in FIG. 4B, X[2][k] can take any one
of eight values of -13, -9, -5, -1, 1, 5, 9, and 13. The third
hard decision candidate generating unit 223 compares
the above-described eight values with the value of
Y[2][k], and determines that the value of X[2][k] having
the maximum posterior probability among the above-de-
scribed eight values is the value of Y[2][k]. The third hard
decision candidate generating unit 223 generates
HI0v[2 : m - 1][2] by setting B[2 : m - 1][2][k] as the bit
value of the k-th column of HI0v[2 : m - 1][2] of B[1 :
m][2][k] that is a combination of bit values corresponding
to the value of X[2][k] having the maximum posterior prob-
ability.
[0207] Similarly, a bit value of the k-th column of
H21v[2 : m - 1][2] is a hard decision value obtained by
performing hard decision on the value of Y[2][k] in a case
where the bit value of B[m][2][k] that is the LSB of B[1 :
m][2][k] that is a combination of bit values corresponding
to X[2][k] corresponding to Y[2][k] is "1 ".
[0208] Specifically, for example, the third hard decision
candidate generating unit 223 determines a bit value of
the k-th column of HI1v[2 : m - 1][2] on the basis of the
second symbol mapping rule indicated in FIG. 4B.
[0209] More specifically, in a case where the bit value
of B[m][2][k] is "1", referring to the second symbol map-
ping rule indicated in FIG. 4B, X[2][k] can take any one
of eight values of -15, -11, -7, -5, 3, 7, 11, and 15. The
third hard decision candidate generating unit 223 com-
pares the above-described eight values with the value of
Y[2][k], and determines that the value of X[2][k] having
the maximum posterior probability among the above-de-
scribed eight values is the value of Y[2][k]. The third hard
decision candidate generating unit 223 generates
HI1v[2 : m - 1][2] by setting B[2 : m - 1][2][k] that is the
LSB of B[1 : m][2][k] that is a combination of bit values
corresponding to the value of X[2][k] having the maximum
posterior probability as the bit value of the k-th column
of HI1v[2 : m - 1][2].
[0210] The soft decision information generating unit
230 generates a first posterior L value sequence, a sec-
ond posterior L value sequence, and a third posterior L
value sequence that are posterior L value sequences in
which posterior L values are arranged, on the basis of
the reception modulation symbol group information gen-
erated by the reception modulation symbol group infor-
mation generating unit 210.
[0211] Specifically, for example, the soft decision in-
formation generating unit 230 includes a first soft decision
information generating unit 231 to generate the first pos-
terior L value sequence, a second soft decision informa-
tion generating unit 232 to generate the second posterior
L value sequence, and a third soft decision information
generating unit 233 to generate the third posterior L value
sequence.
[0212] The posterior L value is a posterior logarithmic
probability ratio, and the posterior L value is calculated

on the basis of a value indicated by Y[1 : 2][k] that is a
reception PAM symbol.
[0213] Specifically, the posterior L value is a logarith-
mic value of a ratio between a posterior probability that
a target bit value is "0" and a posterior probability that
the target bit value is "1", of B[1 : m][1][k] or B[1 : m][2][k]
that is a combination of bit values corresponding to X[1][k]
or X[1][k] corresponding to Y[1][k] or Y[2][k], that is, a soft
decision value. The posterior L value is expressed by a
combination of a plurality of bit values of about three bits
to six bits.
[0214] For example, in a case where the posterior L
value is a positive value, the hard decision value of the
target bit is "0", and in a case where the posterior L value
is a negative value, the hard decision value of the target
bit is "1".
[0215] The magnitude of the absolute value of the pos-
terior L value indicates a degree of reliability when hard
decision of the target bit is performed.
[0216] The soft decision information generating unit
230 generates a posterior L value sequence by calculat-
ing a posterior L value corresponding to a target bit for
each reception PAM symbol.
[0217] The first soft decision information generating
unit 231 generates the first posterior L value sequence
in which N2 posterior L values are arranged by calculating
a posterior L value for each reception PAM symbol on
the basis of a value indicated by the reception PAM sym-
bol belonging to the second reception modulation symbol
group information.
[0218] Specifically, a posterior L value of the k-th col-
umn in the first posterior L value sequence generated by
the first soft decision information generating unit 231 cor-
responds to B[1][2][k] that is the MSB of B[1 : m][2][k]
that is a combination of bit values corresponding to X[2][k]
corresponding to Y[2][k].
[0219] Hereinafter, the first posterior L value sequence
is expressed as Lv[1][2], and the k-th posterior L value
of Lv[1][2] that is the first posterior L value sequence is
expressed as L[1][2][k].
[0220] That is, the k-th posterior L value L[1][2][k] of
Lv[1][2] that is the first posterior L value sequence cor-
responds to B[1][2][k] of B[1 : m][2][k] that is a combina-
tion of bit values corresponding to X[2][k] corresponding
to Y[2][k].
[0221] The second soft decision information generat-
ing unit 232 generates the second posterior L value se-
quence in which N1 posterior L values are arranged by
calculating a posterior L value for each reception PAM
symbol on the basis of a value indicated by the reception
PAM symbol belonging to the first reception modulation
symbol group information.
[0222] Specifically, a posterior L value of the k-th col-
umn in the second posterior L value sequence generated
by the second soft decision information generating unit
232 corresponds to B[m][1][k] that is the LSB of B[1 :
m][1][k] that is a combination of bit values corresponding
to X[1][k] corresponding to Y[1][k].
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[0223] Hereinafter, the second posterior L value se-
quence is expressed as Lv[m][1], and the k-th posterior
L value of Lv[m][1] that is the second posterior L value
sequence is expressed as L[m][1][k].
[0224] That is, the k-th posterior L value L[m][1][k] of
Lv[m][1] that is the second posterior L value sequence
corresponds to B[m][2][k] of B[1 : m][1][k] that is a com-
bination of bit values corresponding to X[1][k] corre-
sponding to Y[1][k].
[0225] The third soft decision information generating
unit 233 generates the third posterior L value sequence
in which N2 posterior L values are arranged by calculating
a posterior L value for each reception PAM symbol on
the basis of a value indicated by the reception PAM sym-
bol belonging to the second reception modulation symbol
group information.
[0226] Specifically, a posterior L value of the k-th col-
umn in the third posterior L value sequence generated
by the third soft decision information generating unit 233
corresponds to B[m][1][k] that is the LSB of B[1 : m][2][k]
that is a combination of bit values corresponding to X[2][k]
corresponding to Y[2][k].
[0227] Hereinafter, the third posterior L value se-
quence is expressed as Lv[m][2], and the k-th posterior
L value of Lv[m][2] that is the third posterior L value se-
quence is expressed as L[m][2][k].
[0228] That is, the k-th posterior L value L[m][2][k] of
Lv[m][2] that is the third posterior L value sequence cor-
responds to B[m][2][k] of B[1 : m][2][k] that is a combina-
tion of bit values corresponding to X[2][k] corresponding
to Y[2][k].
[0229] The decoding unit 240 generates output infor-
mation by performing multi-stage error correction
processing on the basis of the first hard decision candi-
date bit array information, the second hard decision can-
didate bit array information, and the third hard decision
candidate bit array information generated by the hard
decision candidate generating unit 220, and the first pos-
terior L value sequence, the second posterior L value
sequence, and the third posterior L value sequence gen-
erated by the soft decision information generating unit
230.
[0230] Details of the decoding unit 240 will be de-
scribed later.
[0231] The information output unit 290 outputs the out-
put information generated by the decoding unit 240.
[0232] A configuration of a main part of the decoding
unit 240 according to the first embodiment will be de-
scribed with reference to FIG. 8.
[0233] FIG. 8 is a configuration diagram illustrating an
example of the configuration of the main part of the de-
coding unit 240 according to the first embodiment.
[0234] The decoding unit 240 includes a soft decision
error correction decoding unit 241, a selection unit 242,
a reception side bit inversion unit 243, a probability dis-
tribution shaping decoding unit 244, a second output bit
array generating unit 245, and an output information gen-
erating unit 246.

[0235] The soft decision error correction decoding unit
241 performs first decoding processing in the multi-stage
error correction processing.
[0236] Specifically, the soft decision error correction
decoding unit 241 performs soft decision error correction
processing by using the first posterior L value sequence,
the second posterior L value sequence, and the third pos-
terior L value sequence.
[0237] The soft decision error correction decoding unit
241 generates inverted first reception LSB information
including a bit array of one row and N1 columns corre-
sponding to the inverted first LSB information generated
by the bit inversion unit 123 by performing the soft deci-
sion error correction processing.
[0238] In addition, the soft decision error correction de-
coding unit 241 generates second reception LSB infor-
mation including a bit array of one row and N2 columns
corresponding to the second LSB information generated
by the probability distribution shaping encoding unit 122
by performing the soft decision error correction process-
ing.
[0239] A method of performing the soft decision error
correction processing by using the posterior L value se-
quence is known, and thus detailed description of the
method will be omitted.
[0240] The selection unit 242 performs second decod-
ing processing in the multi-stage error correction
processing.
[0241] Specifically, for example, a first selection unit
2421, a second selection unit 2422, and a third selection
unit 2423 are included.
[0242] The first selection unit 2421 generates first re-
ception MSB information including a bit array of one row
and N1 columns corresponding to the first MSB informa-
tion on the basis of the first hard decision candidate bit
array information and the inverted first reception LSB in-
formation.
[0243] Specifically, in a case where a bit value of the
k-th column in the inverted first reception LSB information
generated by the soft decision error correction decoding
unit 241 is "0", the first selection unit 2421 selects
HI0v[1][1] out of HI0v[1][1] and HI1v[1][1] each being the
first hard decision candidate bit array information gener-
ated by the first hard decision candidate generating unit
221. The first selection unit 2421 substitutes the bit value
of the k-th column of HI0v[1][1] for a bit of the k-th column
of the first reception MSB information.
[0244] In addition, in a case where the bit value of the
k-th column in the inverted first reception LSB information
generated by the soft decision error correction decoding
unit 241 is "1", the first selection unit 2421 selects
HI1v[1][1] out of HI0v[1][1] and HI1v[1][1] each being the
first hard decision candidate bit array information gener-
ated by the first hard decision candidate generating unit
221. Further, the first selection unit 2421 substitutes the
bit value of the k-th column of HI1v[1][1] for the bit of the
k-th column of the first reception MSB information.
[0245] The first selection unit 2421 generates the first
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reception MSB information by substituting a bit value of
a column of HI0v[1][1] or HI1v[1][1] corresponding to a
column of the first reception MSB information for each
column of the first reception MSB information.
[0246] In the case where m is greater than or equal to
3, the second selection unit 2422 generates first recep-
tion SSB information including a bit array of m - 2 rows
and N1 columns corresponding to the first SSB informa-
tion on the basis of the second hard decision candidate
bit array information and the inverted first reception LSB
information.
[0247] Specifically, in the case where the bit value of
the k-th column in the inverted first reception LSB infor-
mation generated by the soft decision error correction
decoding unit 241 is "0", the second selection unit 2422
selects HI0v[2 : m - 1][1] out of HI0v[2 : m - 1][1] and
HI1v[2 : m - 1][1] each being the second hard decision
candidate bit array information generated by the second
hard decision candidate generating unit 222. The second
selection unit 2422 substitutes each of m - 2 bit values
of the k-th column of HI0v[2 : m - 1][1] for each of m - 2
bits of the k-th column of the first reception SSB informa-
tion.
[0248] In addition, in the case where the bit value of
the k-th column in the inverted first reception LSB infor-
mation generated by the soft decision error correction
decoding unit 241 is "1", the second selection unit 2422
selects HI1v[2 : m - 1][1] out of HI0v[2 : m - 1][1] and
HI1v[2 : m - 1][1] each being the second hard decision
candidate bit array information generated by the second
hard decision candidate generating unit 222. The second
selection unit 2422 substitutes each of m - 2 bit values
of the k-th column of HI1v[2 : m - 1][1] for each of m - 2
bits of the k-th column of the first reception SSB informa-
tion.
[0249] The second selection unit 2422 generates the
first reception SSB information by substituting a bit value
of a column of HI0v[2 : m - 1][1] or HI1v[2 : m - 1][1]
corresponding to a column of the first reception SSB in-
formation for each column of the first reception SSB in-
formation.
[0250] In the case where m is greater than or equal to
3, the third selection unit 2423 generates second recep-
tion SSB information including a bit array of m - 2 rows
and N2 columns corresponding to the second SSB infor-
mation on the basis of the third hard decision candidate
bit array information and the second reception LSB in-
formation.
[0251] Specifically, in a case where a bit value of the
k-th column in the second reception LSB information gen-
erated by the soft decision error correction decoding unit
241 is "0", the third selection unit 2423 selects HI0v[2 :
m - 1][2] out of HI0v[2 : m - 1][2] and HI1v[2 : m - 1][2]
each being the third hard decision candidate bit array
information generated by the third hard decision candi-
date generating unit 223. The third selection unit 2423
substitutes each of m - 2 bit values of the k-th column of
HI0v[2 : m - 1][2] for each of m - 2 bits of the k-th column

of the second reception SSB information.
[0252] In addition, in a case where the bit value of the
k-th column in the second reception LSB information gen-
erated by the soft decision error correction decoding unit
241 is "1", the third selection unit 2423 selects HI1v[2 :
m - 1][2] out of HI0v[2 : m - 1][2] and HI1v[2 : m - 1][2]
each being the third hard decision candidate bit array
information generated by the third hard decision candi-
date generating unit 223. The third selection unit 2423
substitutes each of m - 2 bit values of the k-th column of
HI1v[2 : m - 1][2] for each of m - 2 bits of the k-th column
of the second reception SSB information.
[0253] The third selection unit 2423 generates the sec-
ond reception SSB information by substituting a bit value
of a column of HI0v[2 : m - 1][2] or HI1v[2 : m - 1][2]
corresponding to a column of the second reception SSB
information for each column of the second reception SSB
information.
[0254] As described above, HI0v[1][1] and HI0v[1][1],
HI0v[2 : m - 1][1] and HI0v[2 : m - 1][1], and HI0v[2 : m -
1][2] and HI0v[2 : m - 1][2] are generated by the hard
decision candidate generating unit 220 by performing
case classification between a case where the bit value
of B[m][1 : 2][k] is "0" and a case where the bit value is "1".
[0255] For example, in a case where the first symbol
mapping rule and the second symbol mapping rule are
the first symbol mapping rule and the second symbol
mapping rule indicated in FIG. 4 as examples of the first
symbol mapping rule and the second symbol mapping
rule, in the same symbol mapping rule, the minimum Eu-
clidean distance between two PAM symbols adjacent to
each other is "2", whereas the minimum Euclidean dis-
tance in the case of performing the case classification as
described above is "4" that is twice as large. When the
Euclidean distance is doubled, the SNR is improved by
four times that is 22 times.
[0256] Thus, by performing the case classification as
described above, as compared with a case where the
case classification is not performed, accuracy of deter-
mination of the bit value selected when the selection unit
242 substitutes the bit value of the first reception MSB
information, the first reception SSB information, or the
second reception SSB information can be improved by
four times.
[0257] The reception side bit inversion unit 243 per-
forms third decoding processing in the multi-stage error
correction processing.
[0258] Specifically, the reception side bit inversion unit
243 generates the first reception LSB information corre-
sponding to the first LSB information by calculating ex-
clusive ORs of bit values of each columns in the inverted
first reception LSB information generated by the soft de-
cision error correction decoding unit 241 and each bit
values of each columns in the first reception MSB infor-
mation generated by the first selection unit 2421 each
corresponding to the columns in the inverted first recep-
tion LSB information.
[0259] The probability distribution shaping decoding
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unit 244 performs fourth decoding processing in the multi-
stage error correction processing.
[0260] Specifically, the probability distribution shaping
decoding unit 244 generates first output bit array infor-
mation including a bit array of m - 1 rows and N columns
corresponding to the first input bit array information by
performing probability distribution shaping decoding
processing on the first reception SSB information gener-
ated by the second selection unit 2422, the second re-
ception SSB information generated by the third selection
unit 2423, the first reception LSB information generated
by the reception side bit inversion unit 243, and the sec-
ond reception LSB information generated by the soft de-
cision error correction decoding unit 241.
[0261] Specifically, for example, the probability distri-
bution shaping decoding unit 244 prepares DRv[1 : m -
1][1 : 2] that is a bit array space of m - 1 rows and N
columns including DRv[1 : m - 1][1] that is a bit array
space of m - 1 rows and N1 columns and DRv[1 : m -
1][2] that is a bit array space of m - 1 rows and N2 col-
umns.
[0262] In the following description, a bit value of the k-
th column of DRv[1 : m - 1][1] is denoted as "BR[1 : m -
1][1][k]", and a bit value of the k-th column of DRv[1 : m
- 1][2] is denoted as "BR[1 : m - 1][2][k]".
[0263] The probability distribution shaping decoding
unit 244 stores the first reception SSB information in
DRv[1 : m - 2][1], stores the second reception SSB infor-
mation in DRv[1 : m - 2][2], stores the first reception LSB
information in DRv[m - 1][1], and stores the second re-
ception LSB information in DRv[m - 1][2].
[0264] The probability distribution shaping decoding
unit 244 performs the probability distribution shaping de-
coding processing on BR[1 : m - 1][1 : 2][k].
[0265] The probability distribution shaping decoding
unit 244 overwrites BR[1 : m - 1][1 : 2][k] with a process-
ing result of the probability distribution shaping decoding
processing.
[0266] BR[1 : m - 1][1 : 2][k] after the probability distri-
bution shaping decoding unit 244 overwrites BR[1 : m -
1][1 : 2][k] with the processing result of the probability
distribution shaping decoding processing is the first out-
put bit array information.
[0267] Note that, the probability distribution shaping
decoding processing is processing paired with the prob-
ability distribution shaping encoding processing, and a
method of performing the probability distribution shaping
decoding processing is known, and thus detailed descrip-
tion of the method will be omitted.
[0268] The second output bit array generating unit 245
performs fifth decoding processing in the multi-stage er-
ror correction processing.
[0269] Specifically, the second output bit array gener-
ating unit 245 generates second output bit array informa-
tion including a bit array of one row and N3 columns cor-
responding to the second input bit array information by
extracting information of an area corresponding to the
second input bit area in the first MSB information, of the

first reception MSB information.
[0270] The output information generating unit 246 per-
forms sixth decoding processing in the multi-stage error
correction processing.
[0271] Specifically, the output information generating
unit 246 generates the output information corresponding
to the input information on the basis of the first output bit
array information and the second output bit array infor-
mation.
[0272] A hardware configuration of the main part of the
error correction device 200 according to the first embod-
iment will be described with reference to FIG. 9.
[0273] FIGS. 9A and 9B are diagrams illustrating ex-
amples of a hardware configuration of the error correction
device 200 according to the first embodiment.
[0274] As illustrated in FIG. 9A, the error correction
device 200 includes a computer, and the computer in-
cludes a processor 901 and a memory 902. The memory
902 stores a program for causing the computer to function
as the reception modulation symbol group information
generating unit 210, the hard decision candidate gener-
ating unit 220, the soft decision information generating
unit 230, the decoding unit 240, and the information out-
put unit 290. The processor 901 reads and executes the
program stored in the memory 902, whereby functions
of the reception modulation symbol group information
generating unit 210, the hard decision candidate gener-
ating unit 220, the soft decision information generating
unit 230, the decoding unit 240, and the information out-
put unit 290 are implemented.
[0275] In addition, as illustrated in FIG. 9B, the error
correction device 200 may include a processing circuit
903. In this case, the functions of the reception modula-
tion symbol group information generating unit 210, the
hard decision candidate generating unit 220, the soft de-
cision information generating unit 230, the decoding unit
240, and the information output unit 290 may be imple-
mented by the processing circuit 903.
[0276] In addition, the error correction device 200 may
include the processor 901, the memory 902, and the
processing circuit 903 (not illustrated). In this case, some
of the functions of the reception modulation symbol group
information generating unit 210, the hard decision can-
didate generating unit 220, the soft decision information
generating unit 230, the decoding unit 240, and the in-
formation output unit 290 may be implemented by the
processor 901 and the memory 902, and remaining func-
tions may be implemented by the processing circuit 903.
[0277] Note that, the processor 901, the memory 902,
and the processing circuit 903 are similar to the processor
501, the memory 502, and the processing circuit 503 il-
lustrated in FIG. 5, and thus description thereof will be
omitted.
[0278] Operation of the error correction device 200 ac-
cording to the first embodiment will be described with
reference to FIGS. 10A, 10B, and 10C.
[0279] FIG. 10A is a part of a flowchart illustrating an
example of processing performed by the error correction
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device 200 according to the first embodiment.
[0280] FIG. 10B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction device 200 according to the first embod-
iment.
[0281] FIG. 10C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction device 200 according to the first em-
bodiment.
[0282] Hereinafter, FIGS. 10A, 10B, and 10C are col-
lectively denoted as FIG. 10.
[0283] The error correction device 200 repeatedly ex-
ecutes the processing of the flowchart illustrated in FIG.
10.
[0284] First, in step ST1000, the reception modulation
symbol group information generating unit 210 generates
the reception modulation symbol group information.
[0285] Specifically, the reception modulation symbol
group information generating unit 210 performs process-
ing of step ST1000 by performing processing from step
ST1001 to step ST1002 in processing D below.
[0286] In step ST1001, the reception polarization mul-
tiplexing symbol generating unit 211 included in the re-
ception modulation symbol group information generating
unit 210 generates the reception QAM symbol.
[0287] Next, in step ST1002, the reception modulation
symbol generating unit 212 included in the reception
modulation symbol group information generating unit 210
generates the reception modulation symbol group infor-
mation.
[0288] After step ST1002, the reception modulation
symbol group information generating unit 210 ends the
processing D. That is, after step ST1002, the reception
modulation symbol group information generating unit 210
ends the processing of step ST1000.
[0289] After step ST1000, in step ST1010, the hard
decision candidate generating unit 220 generates the first
hard decision candidate bit array information, the second
hard decision candidate bit array information, and the
third hard decision candidate bit array information.
[0290] Specifically, the hard decision candidate gen-
erating unit 220 performs processing of step ST1010 by
performing processing from step ST1011 to step ST1013
in processing E below.
[0291] In step ST1011, the first hard decision candi-
date generating unit 221 included in the hard decision
candidate generating unit 220 generates the first hard
decision candidate bit array information.
[0292] Next, in step ST1012, the second hard decision
candidate generating unit 222 included in the hard deci-
sion candidate generating unit 220 generates the second
hard decision candidate bit array information.
[0293] Next, in step ST1013, the third hard decision
candidate generating unit 223 included in the hard deci-
sion candidate generating unit 220 generates the third
hard decision candidate bit array information.
[0294] Note that, the order of the processing from step
ST1011 to step ST1013 is any order.

[0295] After step ST1013, the hard decision candidate
generating unit 220 ends the processing E. That is, after
step ST1013, the hard decision candidate generating unit
220 ends the processing of step ST1010.
[0296] After step ST1010, in step ST1020, the soft de-
cision information generating unit 230 generates the first
posterior L value sequence, the second posterior L value
sequence, and the third posterior L value sequence.
[0297] Specifically, the soft decision information gen-
erating unit 230 performs processing of step ST1020 by
performing processing from step ST1021 to step ST1023
in processing F below.
[0298] In step ST1021, the first soft decision informa-
tion generating unit 231 included in the soft decision in-
formation generating unit 230 generates the first poste-
rior L value sequence.
[0299] Next, in step ST1022, the second soft decision
information generating unit 232 included in the soft de-
cision information generating unit 230 generates the sec-
ond posterior L value sequence.
[0300] Next, in step ST1023, the third soft decision in-
formation generating unit 233 included in the soft deci-
sion information generating unit 230 generates the third
posterior L value sequence.
[0301] After step ST1023, the soft decision information
generating unit 230 ends the processing F. That is, after
step ST1023, the soft decision information generating
unit 230 ends the processing of step ST1020.
[0302] Note that the order of the processing from step
ST1021 to step ST1023 is any order.
[0303] In addition, the processing order of the process-
ing of step ST1010 and the processing of step ST1020
is any order.
[0304] After step ST1020, in step ST1030, the decod-
ing unit 240 generates the output information by perform-
ing the multi-stage error correction processing.
[0305] Specifically, the decoding unit 240 performs
processing of step ST1030 by performing processing
from step ST1031 to step ST1036 in processing G below.
[0306] In step ST1031, the soft decision error correc-
tion decoding unit 241 included in the decoding unit 240
generates the inverted first reception LSB information
and the second reception LSB information by performing
the soft decision error correction processing.
[0307] Next, in step ST1032, the selection unit 242 in-
cluded in the decoding unit 240 generates the first recep-
tion MSB information, the first reception SSB information,
and the second reception SSB information.
[0308] Specifically, the selection unit 242 performs
processing of step ST1032 by performing processing
from step ST1041 to step ST1043 in processing H below.
[0309] In step ST1041, the first selection unit 2421 in-
cluded in the selection unit 242 generates the first recep-
tion MSB information.
[0310] Next, in step ST1042, the second selection unit
2422 included in the selection unit 242 generates the first
reception SSB information.
[0311] Next, in step ST1043, the third selection unit
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2423 included in the selection unit 242 generates the
second reception SSB information.
[0312] After step ST1043, the selection unit 242 includ-
ed in the decoding unit 240 ends the processing H. That
is, after step ST1043, the selection unit 242 included in
the decoding unit 240 ends the processing of step
ST1032.
[0313] Note that, the order of the processing from step
ST1041 to step ST1043 is any order.
[0314] After step ST1032, in step ST1033, the second
output bit array generating unit 245 included in the de-
coding unit 240 generates the first reception LSB infor-
mation.
[0315] Next, in step ST1034, the probability distribution
shaping decoding unit 244 included in the decoding unit
240 generates the first output bit array information.
[0316] Next, in step ST1035, the second output bit ar-
ray generating unit 245 included in the decoding unit 240
generates the second output bit array information.
[0317] Next, in step ST1036, the output information
generating unit 246 included in the decoding unit 240
generates the output information.
[0318] After step ST1036, the decoding unit 240 ends
the processing G. That is, after step ST1036, the decod-
ing unit 240 ends the processing of step ST1030.
[0319] After step ST1030, in step ST1050, the infor-
mation output unit 290 outputs the output information.
[0320] After step ST1050, the error correction device
200 ends the processing of the flowchart illustrated in
FIG. 10, and the error correction device 200 returns to
the processing of step ST1000 and repeatedly executes
the processing of the flowchart illustrated in FIG. 10.
[0321] As described above, the error correction encod-
ing device 100 includes: the input information acquiring
unit 110 to acquire the input information; the encoding
unit 120 to generate the soft decision error correction
frame information including the bit array of m rows and
N columns on the basis of the input information acquired
by the input information acquiring unit 110, the bit array
being obtained by combining the first bit string group in-
formation and the second bit string group information,
the first bit string group information including the bit array
of m rows and N1 columns in which it is enabled to per-
form the pulse amplitude modulation of the combination
of bit values of each column of the first bit string group
information into the modulation symbol by using the pre-
determined first symbol mapping rule, the second bit
string group information including the bit array of m rows
and N2 columns in which it is enabled to perform the
pulse amplitude modulation of the combination of bit val-
ues of each column of the second bit string group infor-
mation into the modulation symbol by using the prede-
termined second symbol mapping rule; the modulation
symbol conversion unit 130 to generate the modulation
symbol group information including N pieces of the mod-
ulation symbols by performing the pulse amplitude mod-
ulation of the combination of bit values of each column
of the soft decision error correction frame information

generated by the encoding unit 120 into the modulation
symbol for each column of the soft decision error correc-
tion frame information by using the first symbol mapping
rule or the second symbol mapping rule; and the trans-
mission waveform shaping unit 140 to generate the digital
baseband modulation signal on the basis of the modula-
tion symbol group information generated by the modula-
tion symbol conversion unit 130 and output the digital
baseband modulation signal generated, in which the en-
coding unit 120 generates the soft decision error correc-
tion frame information by: generating the first input bit
array information including the bit array of m - 1 rows and
N columns and the second input bit array information
including the bit array of one row and N3 columns on the
basis of the input information acquired by the input infor-
mation acquiring unit 110; storing the second input bit
array information generated as a part of the first MSB
information including the bit array of one row and N1 col-
umns in the predetermined area of the first row in the first
bit string group information; generating the shaped bit
array information including the bit array of m - 1 rows and
N columns by performing the probability distribution
shaping encoding processing on the first input bit array
information generated; generating the first group bit array
information including the combination of N1 predeter-
mined columns and the second group bit array informa-
tion including the combination of N2 predetermined col-
umns by separating the shaped bit array information gen-
erated; generating the first LSB information including the
bit array of one row and N1 columns by extracting, from
the first group bit array information generated, the bit ar-
ray of the (m - 1)-th row in the first group bit array infor-
mation, generating the inverted first LSB information in-
cluding the bit array of one row and N1 columns by cal-
culating exclusive ORs of bit values of each columns in
the first LSB information generated and each bit values
of each columns in the information of the first row in the
first bit string group information after storing the second
input bit array information, the columns in the information
of the first row in the first bit string group information each
corresponding to the columns in the first LSB information,
and storing the inverted first LSB information generated
in the m-th row in the first bit string group information;
generating the second LSB information including the bit
array of one row and N2 columns by extracting the bit
array of the (m - 1)-th row in the second group bit array
information from the second group bit array information
generated, and storing the second LSB information gen-
erated in the m-th row in the second bit string group in-
formation; generating the soft decision parity bit by per-
forming the systematic soft decision error correction en-
coding processing by using the inverted first LSB infor-
mation generated and the second LSB information gen-
erated, and storing the soft decision parity bit generated,
in the first row in the second bit string group information
as the second MSB information including the bit array of
one row and N2 columns; in the case where m is greater
than or equal to 3, generating the first SSB information
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including the bit array of m - 2 rows and N1 columns by
extracting, from the first group bit array information gen-
erated, the first row to the (m - 2)-th row in the first group
bit array information, and storing the first SSB information
generated, in the second row to the (m - 1)-th row in the
first bit string group information; and in the case where
m is greater than or equal to 3, generating the second
SSB information including the bit array of m - 2 rows and
N2 columns by extracting, from the second group bit array
information generated, the first row to the (m - 2)-th row
in the second group bit array information, and storing the
second SSB information generated, in the second row
to the (m - 1)-th row in the second bit string group infor-
mation.
[0322] With this configuration, the error correction en-
coding device 100 can reduce the number of bits to be
protected by the soft decision error correction as com-
pared with the conventional soft decision error correction
encoding processing. For that reason, the error correc-
tion encoding device 100 can reduce the amount of cal-
culation of the soft decision error correction encoding
processing as compared with the conventional soft de-
cision error correction encoding processing.
[0323] In addition, with this configuration, the error cor-
rection encoding device 100 can make the number of bits
to be protected by the soft decision error correction con-
stant even if the number of bits of the pulse amplitude
modulation changes. For that reason, the error correction
encoding device 100 can make the amount of calculation
of the soft decision error correction encoding processing
constant in the pulse amplitude modulation of any
number of bits. Thus, the error correction encoding de-
vice 100 does not need to change the program or the
processing circuit for performing the soft decision error
correction encoding processing for each number of bits
of the pulse amplitude modulation, in the pulse amplitude
modulation of a plurality of number of bits.
[0324] In addition, as described above, in the above-
described configuration, the error correction encoding
device 100 is configured to use a symbol mapping rule
such as: the first symbol mapping rule is a symbol map-
ping rule in which one combination of bit values including
a bit array of m rows and one column corresponds to one
of the modulation symbols subjected to one-dimensional
pulse amplitude modulation, and is the symbol mapping
rule in which a combination of the bit values from the first
row to the (m - 1)-th row of the bit array of m rows and
one column is a combination corresponding to a binary
reflected Gray code, and bit values of the m-th row are
values different from each other in the modulation sym-
bols in which amplitude values of the modulation symbols
are adjacent to each other; and the second symbol map-
ping rule is a symbol mapping rule in which one combi-
nation of bit values including a bit array of m rows and
one column corresponds to one of the modulation sym-
bols subjected to one-dimensional pulse amplitude mod-
ulation, and is the symbol mapping rule in which a com-
bination of the bit values from the first row to the (m -

1)-th row of the bit array of m rows and one column is a
combination corresponding to a binary reflected Gray
code, and bit values of the m-th row are values different
from each other in the modulation symbols in which am-
plitude values of the modulation symbols have an iden-
tical sign and are adjacent to each other, and are identical
values between the modulation symbol of which an ab-
solute vale of an amplitude value of the modulation sym-
bol is minimum among the modulation symbols in which
the amplitude values of the modulation symbols are pos-
itive and the modulation symbol of which an absolute
value of an amplitude value of the modulation symbol is
minimum among the modulation symbols in which the
amplitude values of the modulation symbols are nega-
tive.
[0325] With this configuration, the error correction en-
coding device 100 can improve the SNR Thus, the error
correction encoding device 100 can improve the accura-
cy of determination of the bit value in the error correction
device 200.
[0326] In addition, as described above, in the above-
described configuration, the error correction encoding
device 100 is configured so that the encoding unit 120
generates the first input bit array information and the sec-
ond input bit array information by setting a bit value of a
bit other than a bit corresponding to the input information
to 0 in the first input bit array information or the second
input bit array information when generating the first input
bit array information and the second input bit array infor-
mation on the basis of the input information acquired by
the input information acquiring unit 110.
[0327] With this configuration, the error correction en-
coding device 100 can generate the soft decision error
correction frame information for the input information
having any number of bits.
[0328] Note that, the error correction encoding device
100 may include the soft decision parity bit generated by
the soft decision error correction encoding unit 124 per-
forming the systematic soft decision error correction en-
coding processing in other soft decision error correction
frame information different from the soft decision error
correction frame information instead of the soft decision
error correction frame information including the inverted
first LSB information and the second LSB information
used to generate the soft decision parity bit. For example,
the other soft decision error correction frame information
is soft decision error correction frame information gener-
ated by the error correction encoding device 100 next to
the soft decision error correction frame information in-
cluding the inverted first LSB information and the second
LSB information used by the error correction encoding
device 100 to generate the soft decision parity bit.
[0329] With this configuration, the error correction en-
coding device 100 can disperse a burst error occurring
in the transmission path 30. The burst error mentioned
here is an error that occurs in a concentrated manner in
a specific portion of a signal due to a change of the trans-
mission path 30 when the signal is transmitted via the
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transmission path 30. The error correction encoding de-
vice 100 can reduce deterioration of information after the
error correction by dispersing the burst error.
[0330] As described above, the error correction device
200 includes: the reception modulation symbol group in-
formation generating unit 210 to receive the reception
digital baseband modulation signal that is the signal
based on the soft decision error correction frame infor-
mation generated by the error correction encoding device
100 and generate reception modulation symbol group
information including N reception modulation symbols on
the basis of the reception digital baseband modulation
signal; the hard decision candidate generating unit 220
to generate first hard decision candidate bit array infor-
mation including the bit array of one row and N1 columns,
second hard decision candidate bit array information in-
cluding the bit array of m - 2 rows and N1 columns in the
case where m is greater than or equal to 3, and third hard
decision candidate bit array information including the bit
array of m - 2 rows and N2 columns in the case where
m is greater than or equal to 3, by using the reception
modulation symbol group information generated by the
reception modulation symbol group information generat-
ing unit 210 on the basis of the first symbol mapping rule
or the second symbol mapping rule; the soft decision
information generating unit 230 to generate the first pos-
terior L value sequence including N2 posterior L values
corresponding to each columns of the first row of the
second bit string group information, the second posterior
L value sequence including N1 posterior L values corre-
sponding to each columns of the m-th row of the first bit
string group information, and the third posterior L value
sequence including N2 posterior L values corresponding
to each columns of the m-th row of the second bit string
group information on the basis of the reception modula-
tion symbol group information generated by the reception
modulation symbol group information generating unit
210; the decoding unit 240 to perform multi-stage error
correction processing on the basis of the first hard deci-
sion candidate bit array information, the second hard de-
cision candidate bit array information, and the third hard
decision candidate bit array information generated by the
hard decision candidate generating unit 220, and the first
posterior L value sequence, the second posterior L value
sequence, and the third posterior L value sequence gen-
erated by the soft decision information generating unit
230 ; and the information output unit 290 to output infor-
mation generated by the decoding unit 240 performing
the multi-stage error correction processing as output in-
formation, in which: in the first decoding processing in
the multi-stage error correction processing, the decoding
unit 240 generates inverted first reception LSB informa-
tion including the bit array of one row and N1 columns
corresponding to the inverted first LSB information and
second reception LSB information including the bit array
of one row and N2 columns corresponding to the second
LSB information by performing soft decision error correc-
tion processing on the basis of the first posterior L value

sequence, the second posterior L value sequence, and
the third posterior L value sequence; in the second de-
coding processing in the multi-stage error correction
processing, the decoding unit 240 generates first recep-
tion MSB information including the bit array of one row
and N1 columns corresponding to the first MSB informa-
tion on the basis of the first hard decision candidate bit
array information and the inverted first reception LSB in-
formation, generates first reception SSB information in-
cluding the bit array of m - 2 rows and N1 columns cor-
responding to the first SSB information on the basis of
the second hard decision candidate bit array information
and the inverted first reception LSB information in the
case where m is greater than or equal to 3, and generates
second reception SSB information including the bit array
of m - 2 rows and N2 columns corresponding to the sec-
ond SSB information on the basis of the third hard deci-
sion candidate bit array information and the second re-
ception LSB information in the case where m is greater
than or equal to 3; in the third decoding processing in the
multi-stage error correction processing, the decoding unit
240 generates first reception LSB information corre-
sponding to the first LSB information by calculating ex-
clusive ORs of bit values of each columns in the inverted
first reception LSB information and each bit values of
each columns in the first reception MSB information each
corresponding to the columns in the inverted first recep-
tion LSB information; in the fourth decoding processing
in the multi-stage error correction processing, the decod-
ing unit 240 generates first output bit array information
including the bit array of m - 1 rows and N columns cor-
responding to the first input bit array information by per-
forming probability distribution shaping decoding
processing on the first reception SSB information, the
second reception SSB information, the first reception
LSB information, and the second reception LSB informa-
tion; in the fifth decoding processing in the multi-stage
error correction processing, the decoding unit 240 gen-
erates second output bit array information including the
bit array of one row and N3 columns corresponding to
the second input bit array information by extracting infor-
mation of the predetermined area of the first reception
MSB information; in the sixth decoding processing in the
multi-stage error correction processing, the decoding unit
240 generates the output information corresponding to
the input information on the basis of the first output bit
array information and the second output bit array infor-
mation; and the information output unit 290 outputs the
output information generated by the decoding unit 240.
[0331] With this configuration, the error correction de-
vice 200 can reduce the number of bits to be protected
by the soft decision error correction as compared with
the conventional soft decision error correction encoding
processing. For that reason, the error correction device
200 can reduce the amount of calculation of the soft de-
cision error correction decoding processing as compared
with the conventional soft decision error correction de-
coding processing.
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[0332] In addition, with this configuration, the error cor-
rection device 200 can make the number of bits to be
protected by the soft decision error correction constant
even if the number of bits of the pulse amplitude modu-
lation changes. For that reason, the error correction de-
vice 200 can make the amount of calculation of the soft
decision error correction decoding processing constant
in the pulse amplitude modulation of any number of bits.
Thus, the error correction device 200 does not need to
change the program or the processing circuit for perform-
ing the soft decision error correction decoding processing
for each number of bits of the pulse amplitude modula-
tion, in the pulse amplitude modulation of a plurality of
number of bits.
[0333] In addition, as described above, in the above-
described configuration, the error correction device 200
is configured to use a symbol mapping rule such as: the
first symbol mapping rule is a symbol mapping rule in
which one combination of bit values including a bit array
of m rows and one column corresponds to one of the
modulation symbols subjected to one-dimensional pulse
amplitude modulation, and is the symbol mapping rule in
which a combination of the bit values from the first row
to the (m - 1)-th row of the bit array of m rows and one
column is a combination corresponding to a binary re-
flected Gray code, and bit values of the m-th row are
values different from each other in the modulation sym-
bols in which amplitude values of the modulation symbols
are adjacent to each other; and the second symbol map-
ping rule is a symbol mapping rule in which one combi-
nation of bit values including a bit array of m rows and
one column corresponds to one of the modulation sym-
bols subjected to one-dimensional pulse amplitude mod-
ulation, and is the symbol mapping rule in which a com-
bination of the bit values from the first row to the (m -
1)-th row of the bit array of m rows and one column is a
combination corresponding to a binary reflected Gray
code, and bit values of the m-th row are values different
from each other in the modulation symbols in which am-
plitude values of the modulation symbols have an iden-
tical sign and are adjacent to each other, and are identical
values between the modulation symbol of which an ab-
solute vale of an amplitude value of the modulation sym-
bol is minimum among the modulation symbols in which
the amplitude values of the modulation symbols are pos-
itive and the modulation symbol of which an absolute
value of an amplitude value of the modulation symbol is
minimum among the modulation symbols in which the
amplitude values of the modulation symbols are nega-
tive.
[0334] With this configuration, the error correction de-
vice 200 can improve the SNR Thus, the error correction
device 200 can improve the accuracy of determination
of the bit value.
[0335] As described above, the soft decision error cor-
rection frame data structure of the soft decision error cor-
rection frame information generated by the error correc-
tion encoding device 100 is a soft decision error correc-

tion frame data structure used in a communication sys-
tem in which the transmission device 10 transmits a sig-
nal based on input information input to the transmission
device 10 to the reception device 20, and the reception
device 20 receives the signal transmitted by the trans-
mission device 10 and generates output information cor-
responding to the input information on the basis of the
signal, the soft decision error correction frame data struc-
ture including a bit array of m rows and N columns ob-
tained by combining first bit string group information and
second bit string group information, the first bit string
group information including a bit array of m rows and N1
columns in which it is enabled to perform pulse amplitude
modulation of a combination of bit values of each column
of the first bit string group information into a modulation
symbol on the basis of a predetermined first symbol map-
ping rule, the second bit string group information includ-
ing a bit array of m rows and N2 columns in which it is
enabled to perform pulse amplitude modulation of a com-
bination of bit values of each column of the second bit
string group information into a modulation symbol on the
basis of a predetermined second symbol mapping rule,
in which a soft decision parity bit is stored in a first row
in the second bit string group information, the soft deci-
sion parity bit being generated by performing systematic
soft decision error correction encoding processing using
a bit value of each column of the m-th row in the first bit
string group information and a bit value of each column
of the m-th row in the second bit string group information.
[0336] With such a soft decision error correction frame
data structure, the error correction encoding device 100
can reduce the number of bits to be protected by the soft
decision error correction as compared with the conven-
tional soft decision error correction encoding processing.
For that reason, the error correction encoding device 100
can reduce the amount of calculation of the soft decision
error correction encoding processing as compared with
the conventional soft decision error correction encoding
processing.
[0337] In addition, with such a soft decision error cor-
rection frame data structure, the error correction encod-
ing device 100 can make the number of bits to be pro-
tected by the soft decision error correction constant even
if the number of bits of the pulse amplitude modulation
changes. For that reason, the error correction encoding
device 100 can make the amount of calculation of the
soft decision error correction encoding processing con-
stant in the pulse amplitude modulation of any number
of bits. Thus, the error correction encoding device 100
does not need to change the program or the processing
circuit for performing the soft decision error correction
encoding processing for each number of bits of the pulse
amplitude modulation, in the pulse amplitude modulation
of a plurality of number of bits.
[0338] In addition, with such a soft decision error cor-
rection frame data structure, the error correction device
200 can reduce the number of bits to be protected by the
soft decision error correction as compared with the con-
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ventional soft decision error correction encoding
processing. For that reason, the error correction device
200 can reduce the amount of calculation of the soft de-
cision error correction decoding processing as compared
with the conventional soft decision error correction de-
coding processing.
[0339] In addition, with such a soft decision error cor-
rection frame data structure, the error correction device
200 can make the number of bits to be protected by the
soft decision error correction constant even if the number
of bits of the pulse amplitude modulation changes. For
that reason, the error correction device 200 can make
the amount of calculation of the soft decision error cor-
rection decoding processing constant in the pulse ampli-
tude modulation of any number of bits. Thus, the error
correction device 200 does not need to change the pro-
gram or the processing circuit for performing the soft de-
cision error correction decoding processing for each
number of bits of the pulse amplitude modulation, in the
pulse amplitude modulation of a plurality of number of
bits.
[0340] In addition, the soft decision error correction
frame data structure of the soft decision error correction
frame information generated by the error correction en-
coding device 100 enables: generation of reception mod-
ulation symbol group information including N reception
modulation symbols on the basis of a reception digital
baseband modulation signal generated from a signal
based on soft decision error correction frame information
having the soft decision error correction frame data struc-
ture; generation of first hard decision candidate bit array
information including a bit array of one row and N1 col-
umns, second hard decision candidate bit array informa-
tion including a bit array of m - 2 rows and N1 columns
in the case where m is greater than or equal to 3, and
third hard decision candidate bit array information includ-
ing a bit array of m - 2 rows and N2 columns in the case
where m is greater than or equal to 3, by using the first
symbol mapping rule or the second symbol mapping rule
on the basis of the reception modulation symbol group
information generated; generation of the first posterior L
value sequence including N2 posterior L values corre-
sponding to each columns of the first row of the second
bit string group information, the second posterior L value
sequence including N1 posterior L values corresponding
to each columns of the m-th row of the first bit string group
information, and the third posterior L value sequence in-
cluding N2 posterior L values corresponding to each col-
umns of the m-th row of the second bit string group in-
formation on the basis of the reception modulation sym-
bol group information generated; and error correction by
performing multi-stage error correction processing on the
basis of the first hard decision candidate bit array infor-
mation, the second hard decision candidate bit array in-
formation, the third hard decision candidate bit array in-
formation, the first posterior L value sequence, the sec-
ond posterior L value sequence, and the third posterior
L value sequence generated.

[0341] In addition, in the soft decision error correction
frame data structure of the soft decision error correction
frame information generated by the error correction en-
coding device 100, it is enabled to: generate inverted first
reception LSB information including a bit array of one
row and N1 columns and second reception LSB informa-
tion including a bit array of one row and N2 columns by
performing soft decision error correction processing on
the basis of the first posterior L value sequence, the sec-
ond posterior L value sequence, and the third posterior
L value sequence, in the first decoding processing in the
multi-stage error correction processing; generate first re-
ception MSB information including a bit array of one row
and N1 columns on the basis of the first hard decision
candidate bit array information and the inverted first re-
ception LSB information, generate first reception SSB
information including a bit array of m - 2 rows and N1
columns on the basis of the second hard decision can-
didate bit array information and the inverted first recep-
tion LSB information in the case where m is greater than
or equal to 3, and generate second reception SSB infor-
mation including a bit array of m - 2 rows and N2 columns
on the basis of the third hard decision candidate bit array
information and the second reception LSB information in
the case where m is greater than or equal to 3, in the
second decoding processing in the multi-stage error cor-
rection processing; generate first reception LSB informa-
tion by calculating exclusive ORs of bit values of each
columns in the inverted first reception LSB information
and each bit values of each columns in the first reception
MSB information each corresponding to the columns in
the inverted first reception LSB information, in the third
decoding processing in the multi-stage error correction
processing; generate first output bit array information in-
cluding a bit array of m - 1 rows and N columns by per-
forming probability distribution shaping decoding
processing on the first reception SSB information, the
second reception SSB information, the first reception
LSB information, and the second reception LSB informa-
tion, in the fourth decoding processing in the multi-stage
error correction processing; generate second output bit
array information including a bit array of one row and N3
columns by extracting information of a predetermined ar-
ea of the first reception MSB information, in the fifth de-
coding processing in the multi-stage error correction
processing; and generate the output information corre-
sponding to the input information on the basis of the first
output bit array information and the second output bit
array information, in the sixth decoding processing in the
multi-stage error correction processing.

Modification of First Embodiment.

[0342] A configuration of a main part of a communica-
tion system 1c according to a modification of the first
embodiment will be described with reference to FIG. 28.
[0343] FIG. 28 is a configuration diagram illustrating
an example of the configuration of the main part of the
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communication system 1c according to the modification
of the first embodiment.
[0344] In the modification of the first embodiment, as
an example, the communication system 1c is described
as an optical communication system, but the optical com-
munication system is merely an example, and the com-
munication system 1c is not limited to the optical com-
munication system. For example, the communication
system 1c may be a communication system by wireless
communication, metal communication, or the like.
[0345] The communication system 1c includes a trans-
mission device 10c, the transmission path 30, and a re-
ception device 20c.
[0346] The communication system 1c is obtained by
changing the transmission device 10 and the reception
device 20 according to the first embodiment to the trans-
mission device 10c and the reception device 20c.
[0347] Note that, in FIG. 28, blocks similar to the blocks
illustrated in FIG. 1 are designated by the same reference
numerals, and the description thereof will be omitted.
[0348] The transmission device 10c acquires input in-
formation and outputs a signal based on the acquired
input information. Since the communication system 1c
illustrated in FIG. 28 is the optical communication system,
the transmission device 10c illustrated in FIG. 28 is an
optical transmission device to output an optical signal.
[0349] The transmission device 10c includes an error
correction encoding device 100c, the D/A converter 11,
the transmission light source 12, and the optical modu-
lator 13.
[0350] The transmission device 10c is obtained by
changing the error correction encoding device 100 ac-
cording to the first embodiment to the error correction
encoding device 100c.
[0351] The error correction encoding device 100c ac-
quires the input information input from the outside of the
device, and generates a digital baseband modulation sig-
nal on the basis of the acquired input information. The
error correction encoding device 100c outputs the gen-
erated digital baseband modulation signal to the D/A con-
verter 11.
[0352] The reception device 20c receives the signal
output by the transmission device 10c via the transmis-
sion path 30, generates output information correspond-
ing to the input information on the basis of the signal, and
outputs the generated output information. Since the com-
munication system 1c illustrated in FIG. 28 is the optical
communication system, the reception device 20c illus-
trated in FIG. 28 is an optical reception device to receive
the optical signal.
[0353] The reception device 20c includes the reception
light source 22, the optical receiver 21, the A/D converter
23, and an error correction device 200c.
[0354] The reception device 20c is obtained by chang-
ing the error correction device 200 according to the first
embodiment to the error correction device 200c.
[0355] The error correction device 200c receives a re-
ception digital baseband modulation signal output by the

A/D converter 23, generates the output information cor-
responding to the input information on the basis of the
reception digital baseband modulation signal, and out-
puts the generated output information.
[0356] A configuration of a main part of the error cor-
rection encoding device 100c according to the modifica-
tion of the first embodiment will be described with refer-
ence to FIG. 29.
[0357] FIG. 29 is a configuration diagram illustrating
an example of the configuration of the main part of the
error correction encoding device 100c according to the
modification of the first embodiment.
[0358] The error correction encoding device 100c in-
cludes the input information acquiring unit 110, an en-
coding unit 120c, the modulation symbol conversion unit
130, and the transmission waveform shaping unit 140.
[0359] The error correction encoding device 100c is
obtained by changing the encoding unit 120 according
to the first embodiment to the encoding unit 120c.
[0360] Note that, in FIG. 29, blocks similar to the blocks
illustrated in FIG. 2 are designated by the same reference
numerals, and the description thereof will be omitted.
[0361] The encoding unit 120c generates soft decision
error correction frame information obtained by combining
the first bit string group information and the second bit
string group information on the basis of the input infor-
mation acquired by the input information acquiring unit
110.
[0362] A configuration of a main part of the encoding
unit 120c according to the modification of the first em-
bodiment will be described with reference to FIG. 30.
[0363] FIG. 30 is a configuration diagram illustrating
an example of the configuration of the main part of the
encoding unit 120c according to the modification of the
first embodiment.
[0364] The encoding unit 120c includes an input bit
array information generating unit 121c, the probability
distribution shaping encoding unit 122, the bit inversion
unit 123, and a soft decision error correction encoding
unit 124c.
[0365] The encoding unit 120c is obtained by changing
the input bit array information generating unit 121 and
the soft decision error correction encoding unit 124 in-
cluded in the encoding unit 120 according to the first em-
bodiment to the input bit array information generating unit
121c and the soft decision error correction encoding unit
124c.
[0366] The input bit array information generating unit
121 according to the first embodiment generates the first
input bit array information including the bit array of m - 1
rows and N columns and the second input bit array in-
formation including the bit array of one row and N3 col-
umns on the basis of the input information.
[0367] On the other hand, the input bit array informa-
tion generating unit 121c generates third input bit array
information including a bit array of one row and N4 col-
umns (N4 is a natural number of greater than or equal to
1 and less than N2) in addition to the first input bit array
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information and the second input bit array information on
the basis of the input information.
[0368] The input bit array information generating unit
121c generates the first input bit array information, the
second input bit array information, and the third input bit
array information including the bit array of one row and
N4 columns on the basis of the input information acquired
by the input information acquiring unit 110.
[0369] In a case where the input information includes
the first input bit array information, the second input bit
array information, and the third input bit array information,
the input bit array information generating unit 121c gen-
erates the first input bit array information, the second
input bit array information, and the third input bit array
information by extracting each of the first input bit array
information, the second input bit array information, and
the third input bit array information from the input infor-
mation, or separating the input information into the first
input bit array information, the second input bit array in-
formation, and the third input bit array information.
[0370] Similarly to the input bit array information gen-
erating unit 121 according to the first embodiment, the
input bit array information generating unit 121c stores
the generated second input bit array information in the
second input bit area of the first bit string group informa-
tion as a part of the first MSB information including the
bit array of one row and N1 columns.
[0371] In addition, the input bit array information gen-
erating unit 121c stores the generated third input bit array
information in a predetermined area (Hereinafter, the pre-
determined area is referred to as a "third input bit area".)
of the first row in the second bit string group information
as a part of the second MSB information including the bit
array of one row and N2 columns.
[0372] Specifically, the input bit array information gen-
erating unit 121c stores the third input bit array informa-
tion in the third input bit area of Dv[1][2] that is a bit array
space in which the second MSB is stored. Hereinafter,
the description will be given assuming that the third input
bit area is D[1][2][1 : N4].
[0373] The probability distribution shaping encoding
unit 122 generates shaped bit array information including
a bit array of m - 1 rows and N columns by performing
probability distribution shaping encoding processing on
the first input bit array information generated by the input
bit array information generating unit 121c.
[0374] In addition to the inverted first LSB information
generated by the bit inversion unit 123 and the second
LSB information generated by the probability distribution
shaping encoding unit 122, the soft decision error cor-
rection encoding unit 124c generates a soft decision par-
ity bit by performing systematic soft decision error cor-
rection encoding processing by using the third input bit
array information stored in the third input bit area of the
second MSB by the input bit array information generating
unit 121c. The soft decision error correction encoding
unit 124c stores the generated soft decision parity bit in
a predetermined area (Hereinafter, the predetermined

area is referred to as a "soft decision parity area".) dif-
ferent from the third input bit area in the second MSB
information.
[0375] Specifically, the soft decision error correction
encoding unit 124c generates the soft decision parity bit
by performing the systematic soft decision error correc-
tion encoding processing by using B[m][1][1 : N1] that is
a bit value of each column in Dv[m][1] storing the inverted
first LSB information, B[m][2][1 : N2] that is a bit value of
each column in Dv[m][2] storing the second LSB infor-
mation, and B[1][2][1 : N4] that is a bit value of each col-
umn in D[1][2][1 : N4] storing the third input bit array in-
formation. The soft decision error correction encoding
unit 124c stores the generated soft decision parity bit in
the soft decision parity area of Dv[1][2] that is a bit array
space in which the second MSB is stored. Hereinafter,
the description will be given assuming that the soft deci-
sion parity area is D[1][2][N4 + 1 : N2].
[0376] With the above configuration, the encoding unit
120c generates the soft decision error correction frame
information by storing the soft decision error correction
frame information in Dv[1 : m][1 : 2] that is a bit array
space.
[0377] As described above, the encoding unit 120c
performs the systematic soft decision error correction en-
coding processing by using the bit value of each column
in Dv[m][1] and the bit value of each column in Dv[m][2].
For that reason, bits to be protected by the soft decision
error correction encoding processing are only the least
significant bit of each column in Dd[1 : 2] and D[1][2][1 :
N4] in which the third input bit array information is stored,
in the soft decision error correction frame information.
[0378] Thus, the encoding unit 120c can reduce the
number of bits to be protected by the soft decision error
correction as compared with the conventional soft deci-
sion error correction encoding processing.
[0379] Note that, functions of the input information ac-
quiring unit 110, the encoding unit 120c, the modulation
symbol conversion unit 130, and the transmission wave-
form shaping unit 140 included in the error correction
encoding device 100c according to the modification of
the first embodiment may be implemented by the proc-
essor 501 and the memory 502 in the hardware config-
uration illustrated as an example in FIGS. 5A and 5B in
the first embodiment, or may be implemented by the
processing circuit 503.
[0380] Operation of the error correction encoding de-
vice 100c according to the modification of the first em-
bodiment will be described with reference to FIGS. 31A,
31B, and 31C.
[0381] FIG. 31A is a part of a flowchart illustrating an
example of processing performed by the error correction
encoding device 100c according to the modification of
the first embodiment.
[0382] FIG. 31B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction encoding device 100c according to the
modification of the first embodiment.
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[0383] FIG. 31C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction encoding device 100c according to
the modification of the first embodiment.
[0384] Hereinafter, FIGS. 31A, 31B, and 31C are col-
lectively denoted as FIG. 31.
[0385] The error correction encoding device 100c re-
peatedly executes the processing of the flowchart illus-
trated in FIG. 31.
[0386] Note that, the flowchart illustrated in FIG. 31 is
obtained by changing step ST610 in the flowchart illus-
trated in FIG. 6 to step ST3110.
[0387] In FIG. 31, processing steps similar to process-
ing steps of the flowchart illustrated in FIG. 6 are desig-
nated by the same reference numerals, and the descrip-
tion thereof will be omitted.
[0388] First, the error correction encoding device 100c
performs processing of step ST601.
[0389] Next, in step ST3110, the encoding unit 120c
generates the soft decision error correction frame infor-
mation.
[0390] Specifically, the encoding unit 120c performs
processing of step ST3110 by performing processing
from step ST3111 to step ST3112, processing from step
ST612 to step ST616, and processing from step ST3117
to step ST3118 in processing M below.
[0391] First, in step ST3111, the input bit array infor-
mation generating unit 120c included in the encoding unit
121c generates the first input bit array information, the
second input bit array information, and the third input bit
array information.
[0392] Next, in step ST3112, the input bit array infor-
mation generating unit 121c included in the encoding unit
120c stores the third input bit array information in the
third input bit area of Dv[1][2].
[0393] After step ST3112, the encoding unit 120c per-
forms the processing from ST612 to step ST616.
[0394] After step ST616, in step ST3117, the soft de-
cision error correction encoding unit 124c included in the
encoding unit 120c generates the soft decision parity bit
by performing the systematic soft decision error correc-
tion encoding processing by using the bit value of each
column in Dv[m][1], the bit value of each column in
Dv[m][2], and the bit value of each column in D[1][2][1 :
N4] that is the third input bit area.
[0395] After step ST3117, in step ST3118, the soft de-
cision error correction encoding unit 124c included in the
encoding unit 120c stores the soft decision parity bit in
Dv[1][2][N4 + 1] that is the soft decision parity area.
[0396] After step ST3118, the encoding unit 120c ends
the processing M. That is, after step ST3118, the encod-
ing unit 120c ends the processing of step ST3110.
[0397] After step ST3110, the error correction encod-
ing device 100c performs processing from step ST620
to step ST630.
[0398] After step ST630, the error correction encoding
device 100c ends the processing of the flowchart illus-
trated in FIG. 31, and the error correction encoding device

100c returns to the processing of step ST601 and repeat-
edly executes the processing of the flowchart illustrated
in FIG. 31.
[0399] A configuration of a main part of the error cor-
rection device 200c according to the modification of the
first embodiment will be described with reference to FIG.
32.
[0400] FIG. 32 is a configuration diagram illustrating
an example of the configuration of the main part of the
error correction device 200c according to the modification
of the first embodiment.
[0401] The error correction device 200c includes the
reception modulation symbol group information generat-
ing unit 210, the hard decision candidate generating unit
220, the soft decision information generating unit 230, a
decoding unit 240c, and the information output unit 290.
[0402] The error correction device 200c is obtained by
changing the decoding unit 240 according to the first em-
bodiment to the decoding unit 240c.
[0403] Note that, in FIG. 32, blocks similar to the blocks
illustrated in FIG. 7 are designated by the same reference
numerals, and the description thereof will be omitted.
[0404] The decoding unit 240c generates the output
information by performing the multi-stage error correction
processing on the basis of the first hard decision candi-
date bit array information, the second hard decision can-
didate bit array information, and the third hard decision
candidate bit array information generated by the hard
decision candidate generating unit 220, and the first pos-
terior L value sequence, the second posterior L value
sequence, and the third posterior L value sequence gen-
erated by the soft decision information generating unit
230.
[0405] A configuration of a main part of the decoding
unit 240c according to the modification of the first em-
bodiment will be described with reference to FIG. 33.
[0406] FIG. 33 is a configuration diagram illustrating
an example of the configuration of the main part of the
decoding unit 240c according to the modification of the
first embodiment.
[0407] The decoding unit 240c includes a soft decision
error correction decoding unit 241c, the selection unit
242, the reception side bit inversion unit 243, the proba-
bility distribution shaping decoding unit 244, the second
output bit array generating unit 245, an output information
generating unit 246c, and a third output bit array gener-
ating unit 260.
[0408] The decoding unit 240c is obtained by adding
the third output bit array generating unit 260 to the con-
figuration of the decoding unit 240 according to the first
embodiment, and changing the soft decision error cor-
rection decoding unit 241 and the output information gen-
erating unit 246 according to the first embodiment to the
soft decision error correction decoding unit 241c and the
output information generating unit 246c.
[0409] Note that, in FIG. 33, blocks similar to the blocks
illustrated in FIG. 8 are designated by the same reference
numerals, and the description thereof will be omitted.
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[0410] The soft decision error correction decoding unit
241c performs the first decoding processing in the multi-
stage error correction processing.
[0411] Specifically, the soft decision error correction
decoding unit 241c performs the soft decision error cor-
rection processing by using the first posterior L value
sequence, the second posterior L value sequence, and
the third posterior L value sequence.
[0412] More specifically, the soft decision error correc-
tion decoding unit 241c performs the soft decision error
correction processing by using L[1][2][1 : N4] that is a
posterior L value sequence corresponding to B[1][2][1 :
N4] that is the third input bit array information in the sec-
ond reception MSB information, L[1][2][N4 + 1 : N2] that
is a posterior L value sequence corresponding to
B[1][2][N4 + 1 : N2] that is a soft decision parity bit in the
second reception MSB information, Lv[m][1] that is the
second posterior L value sequence, and Lv[m][2] that is
the third posterior L value sequence.
[0413] The soft decision error correction decoding unit
241c generates the inverted first reception LSB informa-
tion including the bit array of one row and N1 columns
corresponding to the inverted first LSB information gen-
erated by the bit inversion unit 123 by performing the soft
decision error correction processing.
[0414] In addition, the soft decision error correction de-
coding unit 241c generates the second reception LSB
information including the bit array of one row and N2 col-
umns corresponding to the second LSB information gen-
erated by the probability distribution shaping encoding
unit 122 by performing the soft decision error correction
processing.
[0415] In addition, the soft decision error correction de-
coding unit 241c generates the second reception MSB
information including a bit array of one row and N2 col-
umns corresponding to the second MSB information in-
cluding the third input bit array information generated by
the input bit array information generating unit 121c by
performing the soft decision error correction processing.
[0416] Since each piece of processing from the second
decoding processing to the fifth decoding processing in
the multi-stage error correction processing is similar to
that of the first embodiment, the description thereof will
be omitted.
[0417] The third output bit array generating unit 260
performs eighth decoding processing in the multi-stage
error correction processing.
[0418] Specifically, the third output bit array generating
unit 260 generates third output bit array information in-
cluding a bit array of one row and N4 columns corre-
sponding to the third input bit array information by ex-
tracting information of an area corresponding to the third
input bit area in the second MSB information in the sec-
ond reception MSB information.
[0419] More specifically, for example, the third output
bit array generating unit 260 generates the third output
bit array information by extracting bit values from the first
column to the N4-th column of the second reception MSB

information.
[0420] The output information generating unit 246c
performs the sixth decoding processing in the multi-stage
error correction processing.
[0421] Specifically, the output information generating
unit 246c generates the output information correspond-
ing to the input information on the basis of the third output
bit array information in addition to the first output bit array
information and the second output bit array information.
[0422] Note that, functions of the reception modulation
symbol group information generating unit 210, the hard
decision candidate generating unit 220, the soft decision
information generating unit 230, the decoding unit 240c,
and the information output unit 290 included in the error
correction device 200c according to the modification of
the first embodiment may be implemented by the proc-
essor 901 and the memory 902 in the hardware config-
uration illustrated as an example in FIGS. 9A and 9B in
the first embodiment, or may be implemented by the
processing circuit 903.
[0423] Operation of the error correction device 200c
according to the modification of the first embodiment will
be described with reference to FIGS. 34A, 34B, and 34C.
[0424] FIG. 34A is a part of a flowchart illustrating an
example of processing performed by the error correction
device 200c according to the modification of the first em-
bodiment.
[0425] FIG. 34B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction device 200c according to the modification
of the first embodiment.
[0426] FIG. 34C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction device 200c according to the modi-
fication of the first embodiment.
[0427] Hereinafter, FIGS. 34A, 34B, and 34C are col-
lectively denoted as FIG. 34.
[0428] The error correction device 200c repeatedly ex-
ecutes the processing of the flowchart illustrated in FIG.
34.
[0429] Note that, the flowchart illustrated in FIG. 34 is
obtained by changing step ST1030 in the flowchart illus-
trated in FIG. 10 to step ST3430.
[0430] In FIG. 34, processing steps similar to process-
ing steps of the flowchart illustrated in FIG. 10 are des-
ignated by the same reference numerals, and the de-
scription thereof will be omitted.
[0431] First, the error correction device 200c performs
processing from step ST1000 to step ST1020.
[0432] After step ST1020, in step ST3430, the decod-
ing unit 240c generates the output information by per-
forming the multi-stage error correction processing.
[0433] Specifically, the decoding unit 240c performs
processing of step ST3430 by performing processing of
step ST3431, processing from step ST1032 to step
ST1036, and processing from step ST3436 to step
ST3437 in processing N below.
[0434] First, in step ST3431, the soft decision error cor-
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rection decoding unit 241c included in the decoding unit
240c generates the inverted first reception LSB informa-
tion, the second reception LSB information, and the sec-
ond reception MSB information by performing the soft
decision error correction processing.
[0435] After step ST3431, the decoding unit 240c per-
forms processing from step ST1032 to step ST1035.
[0436] After step ST1035, in step ST3436, the third
output bit array generating unit 260 included in the de-
coding unit 240c generates the third output bit array in-
formation.
[0437] After step ST3436, in step ST3437, the output
information generating unit 246c included in the decoding
unit 240c generates the output information.
[0438] After step ST3437, the decoding unit 240c ends
the processing N. That is, after step ST3437, the decod-
ing unit 240c ends the processing of step ST3430.
[0439] After step ST3430, the error correction device
200c performs processing of step ST1050.
[0440] After step ST1050, the error correction device
200c ends the processing of the flowchart illustrated in
FIG. 34, and the error correction device 200c returns to
the processing of step ST1000 and repeatedly executes
the processing of the flowchart illustrated in FIG. 34.
[0441] As described above, the error correction encod-
ing device 100c includes: the input information acquiring
unit 110 to acquire the input information; the encoding
unit 120c to generate the soft decision error correction
frame information including the bit array of m rows and
N columns on the basis of the input information acquired
by the input information acquiring unit 110, the bit array
being obtained by combining the first bit string group in-
formation and the second bit string group information,
the first bit string group information including the bit array
of m rows and N1 columns in which it is enabled to per-
form the pulse amplitude modulation of the combination
of bit values of each column of the first bit string group
information into the modulation symbol by using the pre-
determined first symbol mapping rule, the second bit
string group information including the bit array of m rows
and N2 columns in which it is enabled to perform the
pulse amplitude modulation of the combination of bit val-
ues of each column of the second bit string group infor-
mation into the modulation symbol by using the prede-
termined second symbol mapping rule; the modulation
symbol conversion unit 130 to generate the modulation
symbol group information including N pieces of the mod-
ulation symbols by performing the pulse amplitude mod-
ulation of the combination of bit values of each column
of the soft decision error correction frame information
generated by the encoding unit 120c into the modulation
symbol for each column of the soft decision error correc-
tion frame information by using the first symbol mapping
rule or the second symbol mapping rule; and the trans-
mission waveform shaping unit 140 to generate the digital
baseband modulation signal on the basis of the modula-
tion symbol group information generated by the modula-
tion symbol conversion unit 130 and output the digital

baseband modulation signal generated, in which the en-
coding unit 120c generates the soft decision error cor-
rection frame information by: generating the first input bit
array information including the bit array of m - 1 rows and
N columns and the second input bit array information
including the bit array of one row and N3 columns on the
basis of the input information acquired by the input infor-
mation acquiring unit 110; storing the second input bit
array information generated as a part of the first MSB
information including the bit array of one row and N1 col-
umns in the predetermined area of the first row in the first
bit string group information; generating the shaped bit
array information including the bit array of m - 1 rows and
N columns by performing the probability distribution
shaping encoding processing on the first input bit array
information generated; generating the first group bit array
information including the combination of N1 predeter-
mined columns and the second group bit array informa-
tion including the combination of N2 predetermined col-
umns by separating the shaped bit array information gen-
erated; generating the first LSB information including the
bit array of one row and N1 columns by extracting, from
the first group bit array information generated, the bit ar-
ray of the (m - 1)-th row in the first group bit array infor-
mation, generating the inverted first LSB information in-
cluding the bit array of one row and N1 columns by cal-
culating exclusive ORs of bit values of each columns in
the first LSB information generated and each bit values
of each columns in the information of the first row in the
first bit string group information after storing the second
input bit array information, the columns in the information
of the first row in the first bit string group information each
corresponding to the columns in the first LSB information,
and storing the inverted first LSB information generated
in the m-th row in the first bit string group information;
generating the second LSB information including the bit
array of one row and N2 columns by extracting the bit
array of the (m - 1)-th row in the second group bit array
information from the second group bit array information
generated, and storing the second LSB information gen-
erated in the m-th row in the second bit string group in-
formation; generating the soft decision parity bit by per-
forming the systematic soft decision error correction en-
coding processing by using the inverted first LSB infor-
mation generated and the second LSB information gen-
erated, and storing the soft decision parity bit generated,
in the first row in the second bit string group information
as the second MSB information including the bit array of
one row and N2 columns; in the case where m is greater
than or equal to 3, generating the first SSB information
including the bit array of m - 2 rows and N1 columns by
extracting, from the first group bit array information gen-
erated, the first row to the (m - 2)-th row in the first group
bit array information, and storing the first SSB information
generated, in the second row to the (m - 1)-th row in the
first bit string group information; and in the case where
m is greater than or equal to 3, generating the second
SSB information including the bit array of m - 2 rows and
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N2 columns by extracting, from the second group bit array
information generated, the first row to the (m - 2)-th row
in the second group bit array information, and storing the
second SSB information generated, in the second row
to the (m - 1)-th row in the second bit string group infor-
mation.
[0442] Further, in the above-described configuration,
the error correction encoding device 100c is configured
so that the encoding unit 120c generates the soft decision
error correction frame information by: generating the third
input bit array information including the bit array of one
row and N4 columns in addition to the first input bit array
information and the second input bit array information on
the basis of the input information acquired by the input
information acquiring unit 110; storing the third input bit
array information generated as the part of the second
MSB information including the bit array of one row and
N2 columns in the predetermined area of the first row in
the second bit string group information; and generating
the soft decision parity bit by performing the systematic
soft decision error correction encoding processing by us-
ing the third input bit array information stored as the part
of the second MSB information in addition to the inverted
first LSB information generated and the second LSB in-
formation generated, and storing the soft decision parity
bit generated, in a predetermined area different from an
area storing the second bit string group information of
the first row of the second bit string group information.
[0443] With this configuration, the error correction en-
coding device 100c can reduce the number of bits to be
protected by the soft decision error correction as com-
pared with the conventional soft decision error correction
encoding processing. For that reason, the error correc-
tion encoding device 100c can reduce the amount of cal-
culation of the soft decision error correction encoding
processing as compared with the conventional soft de-
cision error correction encoding processing.
[0444] In addition, with this configuration, the error cor-
rection encoding device 100c can make the number of
bits to be protected by the soft decision error correction
constant even if the number of bits of the pulse amplitude
modulation changes. For that reason, the error correction
encoding device 100c can make the amount of calcula-
tion of the soft decision error correction encoding
processing constant in the pulse amplitude modulation
of any number of bits. Thus, the error correction encoding
device 100c does not need to change the program or the
processing circuit for performing the soft decision error
correction encoding processing for each number of bits
of the pulse amplitude modulation, in the pulse amplitude
modulation of a plurality of number of bits.
[0445] Further, with this configuration, the error correc-
tion encoding device 100c can transmit the third input bit
array information to the error correction device 200c in
addition to the first input bit array information and the
second input bit array information, so that it is possible
to increase the number of pieces of valid information in
one piece of soft decision error correction frame informa-

tion as compared with the error correction encoding de-
vice 100 according to the first embodiment. For that rea-
son, the error correction encoding device 100c can effi-
ciently transmit information to the error correction device
200c as compared with the error correction encoding de-
vice 100 according to the first embodiment.
[0446] In addition, as described above, the error cor-
rection device 200c includes: the reception modulation
symbol group information generating unit 210 to receive
the reception digital baseband modulation signal that is
the signal based on the soft decision error correction
frame information generated by the error correction en-
coding device 100c and generate reception modulation
symbol group information including N reception modula-
tion symbols on the basis of the reception digital base-
band modulation signal; the hard decision candidate gen-
erating unit 220 to generate first hard decision candidate
bit array information including the bit array of one row
and N1 columns, second hard decision candidate bit ar-
ray information including the bit array of m - 2 rows and
N1 columns in the case where m is greater than or equal
to 3, and third hard decision candidate bit array informa-
tion including the bit array of m - 2 rows and N2 columns
in the case where m is greater than or equal to 3, by using
the reception modulation symbol group information gen-
erated by the reception modulation symbol group infor-
mation generating unit 210 on the basis of the first symbol
mapping rule or the second symbol mapping rule; the
soft decision information generating unit 230 to generate
the first posterior L value sequence including N2 posterior
L values corresponding to each columns of the first row
of the second bit string group information, the second
posterior L value sequence including N1 posterior L val-
ues corresponding to each columns of the m-th row of
the first bit string group information, and the third posterior
L value sequence including N2 posterior L values corre-
sponding to each columns of the m-th row of the second
bit string group information on the basis of the reception
modulation symbol group information generated by the
reception modulation symbol group information generat-
ing unit 210; the decoding unit 240c to perform multi-
stage error correction processing on the basis of the first
hard decision candidate bit array information, the second
hard decision candidate bit array information, and the
third hard decision candidate bit array information gen-
erated by the hard decision candidate generating unit
220, and the first posterior L value sequence, the second
posterior L value sequence, and the third posterior L val-
ue sequence generated by the soft decision information
generating unit 230 ; and the information output unit 290
to output information generated by the decoding unit
240c performing the multi-stage error correction process-
ing as output information, in which: in the first decoding
processing in the multi-stage error correction processing,
the decoding unit 240c generates inverted first reception
LSB information including the bit array of one row and
N1 columns corresponding to the inverted first LSB in-
formation and second reception LSB information includ-
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ing the bit array of one row and N2 columns correspond-
ing to the second LSB information by performing soft de-
cision error correction processing on the basis of the first
posterior L value sequence, the second posterior L value
sequence, and the third posterior L value sequence; in
the second decoding processing in the multi-stage error
correction processing, the decoding unit 240c generates
first reception MSB information including the bit array of
one row and N1 columns corresponding to the first MSB
information on the basis of the first hard decision candi-
date bit array information and the inverted first reception
LSB information, generates first reception SSB informa-
tion including the bit array of m - 2 rows and N1 columns
corresponding to the first SSB information on the basis
of the second hard decision candidate bit array informa-
tion and the inverted first reception LSB information in
the case where m is greater than or equal to 3, and gen-
erates second reception SSB information including the
bit array of m - 2 rows and N2 columns corresponding to
the second SSB information on the basis of the third hard
decision candidate bit array information and the second
reception LSB information in the case where m is greater
than or equal to 3; in the third decoding processing in the
multi-stage error correction processing, the decoding unit
240c generates first reception LSB information corre-
sponding to the first LSB information by calculating ex-
clusive ORs of bit values of each columns in the inverted
first reception LSB information and each bit values of
each columns in the first reception MSB information each
corresponding to the columns in the inverted first recep-
tion LSB information; in the fourth decoding processing
in the multi-stage error correction processing, the decod-
ing unit 240c generates first output bit array information
including the bit array of m - 1 rows and N columns cor-
responding to the first input bit array information by per-
forming probability distribution shaping decoding
processing on the first reception SSB information, the
second reception SSB information, the first reception
LSB information, and the second reception LSB informa-
tion; in the fifth decoding processing in the multi-stage
error correction processing, the decoding unit 240c gen-
erates second output bit array information including the
bit array of one row and N3 columns corresponding to
the second input bit array information by extracting infor-
mation of the predetermined area of the first reception
MSB information; in the sixth decoding processing in the
multi-stage error correction processing, the decoding unit
240c generates the output information corresponding to
the input information on the basis of the first output bit
array information and the second output bit array infor-
mation; and the information output unit 290 outputs the
output information generated by the decoding unit 240c.
[0447] Further, in the above-described configuration,
the error correction device 200c is configured so that the
decoding unit 240c: generates the second reception MSB
information including the bit array of one row and N2 col-
umns corresponding to the second MSB information, in
addition to the inverted first reception LSB information

including the bit array of one row and N1 columns corre-
sponding to the inverted first LSB information and the
second reception LSB information including the bit array
of one row and N2 columns corresponding to the second
LSB information, by performing the soft decision error
correction processing on the basis of the first posterior L
value sequence, the second posterior L value sequence,
and the third posterior L value sequence, in the first de-
coding processing in the multi-stage error correction
processing; generates the third output bit array informa-
tion including the bit array of one row and N4 columns
corresponding to the third input bit array information by
extracting information of a predetermined area of the sec-
ond reception MSB information in the eighth decoding
processing in the multi-stage error correction processing;
and generates the output information corresponding to
the input information on the basis of the third output bit
array information, in addition to the first output bit array
information and the second output bit array information,
in the sixth decoding processing in the multi-stage error
correction processing.
[0448] With this configuration, the error correction de-
vice 200c can reduce the number of bits to be protected
by the soft decision error correction as compared with
the conventional soft decision error correction encoding
processing. For that reason, the error correction device
200c can reduce the amount of calculation of the soft
decision error correction decoding processing as com-
pared with the conventional soft decision error correction
decoding processing.
[0449] In addition, with this configuration, the error cor-
rection device 200c can make the number of bits to be
protected by the soft decision error correction constant
even if the number of bits of the pulse amplitude modu-
lation changes. For that reason, the error correction de-
vice 200c can make the amount of calculation of the soft
decision error correction decoding processing constant
in the pulse amplitude modulation of any number of bits.
Thus, the error correction device 200c does not need to
change the program or the processing circuit for perform-
ing the soft decision error correction decoding processing
for each number of bits of the pulse amplitude modula-
tion, in the pulse amplitude modulation of a plurality of
number of bits.
[0450] Further, with this configuration, the error correc-
tion device 200c can restore the third output bit array
information corresponding to the third input bit array in-
formation by the multi-stage error correction processing
in addition to the first output bit array information and the
second output bit array information corresponding to the
first input bit array information and the second input bit
array information.
[0451] Thus, as compared with the error correction de-
vice 200 according to the first embodiment, the error cor-
rection device 200c can increase the number of pieces
of valid information restored from the reception digital
baseband modulation signal that is a signal based on
one piece of soft decision error correction frame informa-
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tion. For that reason, the error correction device 200c
can efficiently receive information as compared with the
error correction device 200 according to the first embod-
iment.

Second Embodiment.

[0452] A configuration of a main part of a communica-
tion system 1a according to a second embodiment will
be described with reference to FIG. 11.
[0453] FIG. 11 is a configuration diagram illustrating
an example of the configuration of the main part of the
communication system 1a according to the second em-
bodiment.
[0454] In the second embodiment, as an example, the
communication system 1a is described as an optical
communication system, but the optical communication
system is merely an example, and the communication
system 1a is not limited to the optical communication
system. For example, the communication system 1a may
be a communication system by wireless communication,
metal communication, or the like.
[0455] The communication system 1a includes a trans-
mission device 10a, the transmission path 30, and a re-
ception device 20a.
[0456] The communication system 1a is obtained by
changing the transmission device 10 and the reception
device 20 according to the first embodiment to the trans-
mission device 10a and the reception device 20a.
[0457] Note that, in FIG. 11, blocks similar to the blocks
illustrated in FIG. 1 are designated by the same reference
numerals, and the description thereof will be omitted.
[0458] The transmission device 10a acquires input in-
formation and outputs a signal based on the acquired
input information. Since the communication system 1a
illustrated in FIG. 11 is the optical communication system,
the transmission device 10a illustrated in FIG. 11 is an
optical transmission device to output an optical signal.
[0459] The transmission device 10a includes an error
correction encoding device 100a, the D/A converter 11,
the transmission light source 12, and the optical modu-
lator 13.
[0460] The transmission device 10a is obtained by
changing the error correction encoding device 100 ac-
cording to the first embodiment to the error correction
encoding device 100a.
[0461] The error correction encoding device 100a ac-
quires the input information input from the outside of the
device, and generates a digital baseband modulation sig-
nal on the basis of the acquired input information. The
error correction encoding device 100a outputs the gen-
erated digital baseband modulation signal to the D/A con-
verter 11.
[0462] The reception device 20a receives the signal
output by the transmission device 10a via the transmis-
sion path 30, generates output information correspond-
ing to the input information on the basis of the signal, and
outputs the generated output information. Since the com-

munication system 1a illustrated in FIG. 11 is the optical
communication system, the reception device 20a illus-
trated in FIG. 11 is an optical reception device to receive
the optical signal.
[0463] The reception device 20a includes the reception
light source 22, the optical receiver 21, the A/D converter
23, and an error correction device 200a.
[0464] The reception device 20a is obtained by chang-
ing the error correction device 200 according to the first
embodiment to the error correction device 200a.
[0465] The error correction device 200a receives the
reception digital baseband modulation signal output by
the A/D converter 23, generates the output information
corresponding to the input information on the basis of the
reception digital baseband modulation signal, and out-
puts the generated output information.
[0466] A configuration of a main part of the error cor-
rection encoding device 100a according to the second
embodiment will be described with reference to FIG. 12.
[0467] FIG. 12 is a configuration diagram illustrating
an example of the configuration of the main part of the
error correction encoding device 100a according to the
second embodiment.
[0468] The error correction encoding device 100a in-
cludes the input information acquiring unit 110, an en-
coding unit 120a, the modulation symbol conversion unit
130, and the transmission waveform shaping unit 140.
[0469] The error correction encoding device 100a is
obtained by changing the encoding unit 120 according
to the first embodiment to the encoding unit 120a.
[0470] Note that, in FIG. 12, blocks similar to the blocks
illustrated in FIG. 2 are designated by the same reference
numerals, and the description thereof will be omitted.
[0471] The encoding unit 120a generates soft decision
error correction frame information obtained by combining
the first bit string group information and the second bit
string group information on the basis of the input infor-
mation acquired by the input information acquiring unit
110.
[0472] A configuration of a main part of the encoding
unit 120a according to the second embodiment will be
described with reference to FIG. 13.
[0473] FIG. 13 is a configuration diagram illustrating
an example of the main part of the encoding unit 120a
according to the second embodiment.
[0474] The encoding unit 120a includes the input bit
array information generating unit 121, the probability dis-
tribution shaping encoding unit 122, the bit inversion unit
123, the soft decision error correction encoding unit 124,
and the hard decision error correction encoding unit 125.
[0475] The encoding unit 120a is obtained by adding
the hard decision error correction encoding unit 125 to
the configuration of the encoding unit 120 according to
the first embodiment.
[0476] Note that, in FIG. 13, blocks similar to the blocks
illustrated in FIG. 3 are designated by the same reference
numerals, and the description thereof will be omitted.
[0477] The hard decision error correction encoding unit
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125 performs systematic hard decision error correction
encoding processing by using the first input bit array in-
formation generated by the input bit array information
generating unit 121 and the second input bit array infor-
mation generated by the input bit array information gen-
erating unit 121.
[0478] The hard decision error correction encoding unit
125 may perform the systematic hard decision error cor-
rection encoding processing by using the first input bit
array information generated by the input bit array infor-
mation generating unit 121, and the first SSB information,
the second SSB information, the second LSB informa-
tion, and the first LSB information generated by the prob-
ability distribution shaping encoding unit 122.
[0479] In addition, the hard decision error correction
encoding unit 125 may perform the systematic hard de-
cision error correction encoding processing by using the
first input bit array information generated by the input bit
array information generating unit 121, the first SSB infor-
mation, the second SSB information, and the second LSB
information generated by the probability distribution
shaping encoding unit 122, and the inverted first LSB
information generated by the bit inversion unit 123.
[0480] FIG. 13 is a diagram illustrating a case where
the hard decision error correction encoding unit 125 per-
forms the systematic hard decision error correction en-
coding processing by using the first input bit array infor-
mation generated by the input bit array information gen-
erating unit 121, and the first SSB information, the second
SSB information, the second LSB information, and the
first LSB information generated by the probability distri-
bution shaping encoding unit 122.
[0481] The hard decision error correction encoding unit
125 generates a hard decision parity bit by performing
the systematic hard decision error correction encoding
processing, and stores the generated hard decision par-
ity bit as a part of the first MSB information in a prede-
termined area (Hereinafter, the predetermined area is
referred to as a "hard decision parity area".) different from
the second input bit area of the first row in the first bit
string group information.
[0482] Specifically, the hard decision error correction
encoding unit 125 stores the generated hard decision
parity bit in the hard decision parity area of Dv[1][1] that
is a bit array space in which the first MSB is stored. Here-
inafter, the description will be given assuming that the
hard decision parity area is D[1][1][N3 + 1 : N1].
[0483] As the systematic hard decision error correction
encoding processing, a BCH code, a Reed-Solomon
code, or the like is used.
[0484] Note that, functions of the input information ac-
quiring unit 110, the encoding unit 120a, the modulation
symbol conversion unit 130, and the transmission wave-
form shaping unit 140 included in the error correction
encoding device 100a according to the second embodi-
ment may be implemented by the processor 501 and the
memory 502 in the hardware configuration illustrated as
an example in FIGS. 5A and 5B in the first embodiment,

or may be implemented by the processing circuit 503.
[0485] Operation of the error correction encoding de-
vice 100a according to the second embodiment will be
described with reference to FIGS. 14A, 14B, and 14C.
[0486] FIG. 14A is a part of a flowchart illustrating an
example of processing performed by the error correction
encoding device 100a according to the second embodi-
ment.
[0487] FIG. 14B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction encoding device 100a according to the
second embodiment.
[0488] FIG. 14C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction encoding device 100a according to
the second embodiment.
[0489] Hereinafter, FIGS. 14A, 14B, and 14C are col-
lectively denoted as FIG. 14.
[0490] The error correction encoding device 100a re-
peatedly executes the processing of the flowchart illus-
trated in FIG. 14.
[0491] Note that, the flowchart illustrated in FIG. 14 is
obtained by changing step ST610 in the flowchart illus-
trated in FIG. 6 to step ST1410.
[0492] In addition, the flowchart illustrated in FIG. 14
illustrates, as an example, operation in a case where the
hard decision error correction encoding unit 125 performs
the systematic hard decision error correction encoding
processing by using the first input bit array information
generated by the input bit array information generating
unit 121, and the first SSB information, the second SSB
information, the second LSB information, and the first
LSB information generated by the probability distribution
shaping encoding unit 122.
[0493] In FIG. 14, processing steps similar to process-
ing steps of the flowchart illustrated in FIG. 6 are desig-
nated by the same reference numerals, and the descrip-
tion thereof will be omitted.
[0494] First, the error correction encoding device 100a
performs processing of step ST601.
[0495] Next, in step ST1410, the encoding unit 120a
generates the soft decision error correction frame infor-
mation.
[0496] Specifically, the encoding unit 120a performs
processing of step ST1410 by performing processing
from step ST611 to step ST618, and processing from
step ST1411 to step ST1412 in processing I below.
[0497] First, the encoding unit 120a performs the
processing from step ST611 to step ST614.
[0498] After step ST614, in step ST1411, the hard de-
cision error correction encoding unit 125 included in the
encoding unit 120a performs the systematic hard deci-
sion error correction encoding processing by using the
first input bit array information, the first SSB information,
the second SSB information, the second LSB informa-
tion, and the first LSB information.
[0499] Next, in step ST1412, the hard decision error
correction encoding unit 125 included in the encoding
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unit 120a stores the hard decision parity bit in the hard
decision parity area of Dv[1][1].
[0500] After step ST1412, the encoding unit 120a per-
forms the processing from step ST615 to step ST618.
[0501] After step ST618, the encoding unit 120a ends
the processing I. That is, after step ST618, the encoding
unit 120a ends the processing of step ST1410.
[0502] After step ST1410, the error correction encod-
ing device 100a performs processing from step ST620
to step ST630.
[0503] After step ST630, the error correction encoding
device 100a ends the processing of the flowchart illus-
trated in FIG. 14, and the error correction encoding device
100a returns to the processing of step ST601 and repeat-
edly executes the processing of the flowchart illustrated
in FIG. 14.
[0504] A configuration of a main part of the error cor-
rection device 200a according to the second embodiment
will be described with reference to FIG. 15.
[0505] FIG. 15 is a configuration diagram illustrating
an example of the main part of the error correction device
200a according to the second embodiment.
[0506] The error correction device 200a includes the
reception modulation symbol group information generat-
ing unit 210, the hard decision candidate generating unit
220, the soft decision information generating unit 230, a
decoding unit 240a, and the information output unit 290.
[0507] The error correction device 200a is obtained by
changing the decoding unit 240 according to the first em-
bodiment to the decoding unit 240a.
[0508] Note that, in FIG. 15, blocks similar to the blocks
illustrated in FIG. 7 are designated by the same reference
numerals, and the description thereof will be omitted.
[0509] The decoding unit 240a generates the output
information by performing the multi-stage error correction
processing on the basis of the first hard decision candi-
date bit array information, the second hard decision can-
didate bit array information, and the third hard decision
candidate bit array information generated by the hard
decision candidate generating unit 220, and the first pos-
terior L value sequence, the second posterior L value
sequence, and the third posterior L value sequence gen-
erated by the soft decision information generating unit
230.
[0510] A configuration of a main part of the decoding
unit 240a according to the second embodiment will be
described with reference to FIG. 16.
[0511] FIG. 16 is a configuration diagram illustrating
an example of the configuration of the main part of the
decoding unit 240a according to the second embodiment.
[0512] The decoding unit 240a includes the soft deci-
sion error correction decoding unit 241, the selection unit
242, the reception side bit inversion unit 243, the proba-
bility distribution shaping decoding unit 244, the second
output bit array generating unit 245, the output informa-
tion generating unit 246, and a hard decision error cor-
rection decoding unit 247.
[0513] The decoding unit 240a is obtained by adding

the hard decision error correction decoding unit 247 to
the configuration of the decoding unit 240 according to
the first embodiment.
[0514] Note that, in FIG. 16, blocks similar to the blocks
illustrated in FIG. 8 are designated by the same reference
numerals, and the description thereof will be omitted.
[0515] The hard decision error correction decoding unit
247 performs seventh decoding processing in the multi-
stage error correction processing.
[0516] The hard decision error correction decoding unit
247 performs hard decision error correction processing
on information corresponding to the second output bit
array information of the first reception MSB information,
and the first reception SSB information, the second re-
ception SSB information, the second reception LSB in-
formation, and the inverted first reception LSB informa-
tion on the basis of information stored in an area (Here-
inafter, the area is referred to as a "reception hard deci-
sion parity area".) that is a predetermined area of the first
reception MSB information and corresponds to the hard
decision parity area of the first MSB information.
[0517] The hard decision error correction decoding unit
247 may perform the hard decision error correction
processing on the information corresponding to the sec-
ond output bit array information of the first reception MSB
information, and the first reception SSB information, the
second reception SSB information, the second reception
LSB information, and the first reception LSB information
on the basis of the information stored in the reception
hard decision parity area of the first reception MSB infor-
mation.
[0518] In addition, the hard decision error correction
decoding unit 247 may perform the hard decision error
correction processing on the information corresponding
to the second output bit array information of the first re-
ception MSB information, and the first output bit array
information on the basis of the information stored in the
reception hard decision parity area of the first reception
MSB information.
[0519] FIG. 16 is a diagram illustrating a case where
the hard decision error correction decoding unit 247 per-
forms the hard decision error correction processing on
the information corresponding to the second output bit
array information of the first reception MSB information,
and the first reception SSB information, the second re-
ception SSB information, the second reception LSB in-
formation, and the first reception LSB information on the
basis of the information stored in the reception hard de-
cision parity area of the first reception MSB information.
[0520] Note that, in a case where the hard decision
error correction decoding unit 247 performs the hard de-
cision error correction processing on the information cor-
responding to the second output bit array information of
the first reception MSB information, and the first reception
SSB information, the second reception SSB information,
the second reception LSB information, and the inverted
first reception LSB information, the reception side bit in-
version unit 243 calculates an exclusive OR by using the
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inverted first reception LSB information after the seventh
decoding processing and the first reception MSB infor-
mation in the third decoding processing, and the second
output bit array generating unit 245 generates the second
output bit array information by extracting information of
a predetermined area of the first reception MSB informa-
tion after the seventh decoding processing in the fifth
decoding processing.
[0521] In addition, in a case where the hard decision
error correction decoding unit 247 performs the hard de-
cision error correction processing on the information cor-
responding to the second output bit array information of
the first reception MSB information, and the first reception
SSB information, the second reception SSB information,
the second reception LSB information, and the first re-
ception LSB information, the probability distribution
shaping decoding unit 244 performs the probability dis-
tribution shaping decoding processing on the first recep-
tion SSB information, the second reception SSB infor-
mation, the first reception LSB information, and the sec-
ond reception LSB information after the seventh decod-
ing processing in the fourth decoding processing, and
the second output bit array generating unit 245 generates
the second output bit array information by extracting the
information of the predetermined area of the first recep-
tion MSB information after the seventh decoding
processing in the fifth decoding processing.
[0522] In addition, in a case where the hard decision
error correction decoding unit 247 performs the hard de-
cision error correction processing on the information cor-
responding to the second output bit array information of
the first reception MSB information, and the first output
bit array information, the second output bit array gener-
ating unit 245 generates the second output bit array in-
formation by extracting the information of the predeter-
mined area of the first reception MSB information after
the seventh decoding processing in the fifth decoding
processing, and the output information generating unit
246 generates the output information on the basis of the
second output bit array information and the first output
bit array information after the seventh decoding process-
ing in the sixth decoding processing.
[0523] The error correction device 200a can obtain out-
put information with less residual error by performing er-
ror correction by the hard decision error correction
processing as compared with a case where the hard de-
cision error correction processing is not performed.
[0524] Note that, functions of the reception modulation
symbol group information generating unit 210, the hard
decision candidate generating unit 220, the soft decision
information generating unit 230, the decoding unit 240a,
and the information output unit 290 included in the error
correction device 200a according to the second embod-
iment may be implemented by the processor 901 and the
memory 902 in the hardware configuration illustrated as
an example in FIGS. 9A and 9B in the first embodiment,
or may be implemented by the processing circuit 903.
[0525] Operation of the error correction device 200a

according to the second embodiment will be described
with reference to FIGS. 17A, 17B, and 17C.
[0526] FIG. 17A is a part of a flowchart illustrating an
example of processing performed by the error correction
device 200a according to the second embodiment.
[0527] FIG. 17B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction device 200a according to the second em-
bodiment.
[0528] FIG. 17C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction device 200a according to the second
embodiment.
[0529] Hereinafter, FIGS. 17A, 17B, and 17C are col-
lectively denoted as FIG. 17.
[0530] The error correction device 200a repeatedly ex-
ecutes the processing of the flowchart illustrated in FIG.
17.
[0531] Note that, the flowchart illustrated in FIG. 17 is
obtained by changing step ST1030 in the flowchart illus-
trated in FIG. 10 to step ST1730.
[0532] In addition, the flowchart illustrated in FIG. 17
illustrates, as an example, operation in a case where the
hard decision error correction decoding unit 247 performs
the hard decision error correction processing on the in-
formation corresponding to the second output bit array
information of the first reception MSB information, and
the first reception SSB information, the second reception
SSB information, the second reception LSB information,
and the first reception LSB information on the basis of
the information stored in the reception hard decision par-
ity area of the first reception MSB information.
[0533] In FIG. 17, processing steps similar to process-
ing steps of the flowchart illustrated in FIG. 10 are des-
ignated by the same reference numerals, and the de-
scription thereof will be omitted.
[0534] First, the error correction device 200a performs
processing from step ST1000 to step ST1020.
[0535] After step ST1020, in step ST1730, the decod-
ing unit 240a generates the output information by per-
forming the multi-stage error correction processing.
[0536] Specifically, the decoding unit 240a performs
processing of step ST1730 by performing processing
from step ST1031 to step ST1036 and processing of step
ST1731 in processing J below.
[0537] The decoding unit 240a performs processing
from step ST1031 to step ST1033.
[0538] After step ST1033, in step ST1731, the hard
decision error correction decoding unit 247 included in
the decoding unit 240a performs the hard decision error
correction processing.
[0539] After step ST1731, the decoding unit 240a per-
forms processing from step ST1034 to step ST1036.
[0540] After step ST1036, the decoding unit 240a ends
the processing J. That is, after step ST1036, the decoding
unit 240a ends the processing of step ST1730.
[0541] After step ST1730, the error correction device
200a performs processing of step ST1050.
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[0542] After step ST1050, the error correction device
200a ends the processing of the flowchart illustrated in
FIG. 17, and the error correction device 200a returns to
the processing of step ST1000 and repeatedly executes
the processing of the flowchart illustrated in FIG. 17.
[0543] As described above, the error correction encod-
ing device 100a includes: the input information acquiring
unit 110 to acquire the input information; the encoding
unit 120a to generate the soft decision error correction
frame information including the bit array of m rows and
N columns on the basis of the input information acquired
by the input information acquiring unit 110, the bit array
being obtained by combining the first bit string group in-
formation and the second bit string group information,
the first bit string group information including the bit array
of m rows and N1 columns in which it is enabled to per-
form the pulse amplitude modulation of the combination
of bit values of each column of the first bit string group
information into the modulation symbol by using the pre-
determined first symbol mapping rule, the second bit
string group information including the bit array of m rows
and N2 columns in which it is enabled to perform the
pulse amplitude modulation of the combination of bit val-
ues of each column of the second bit string group infor-
mation into the modulation symbol by using the prede-
termined second symbol mapping rule; the modulation
symbol conversion unit 130 to generate the modulation
symbol group information including N pieces of the mod-
ulation symbols by performing the pulse amplitude mod-
ulation of the combination of bit values of each column
of the soft decision error correction frame information
generated by the encoding unit 120a into the modulation
symbol for each column of the soft decision error correc-
tion frame information by using the first symbol mapping
rule or the second symbol mapping rule; and the trans-
mission waveform shaping unit 140 to generate the digital
baseband modulation signal on the basis of the modula-
tion symbol group information generated by the modula-
tion symbol conversion unit 130 and output the digital
baseband modulation signal generated, in which the en-
coding unit 120a generates the soft decision error cor-
rection frame information by: generating the first input bit
array information including the bit array of m - 1 rows and
N columns and the second input bit array information
including the bit array of one row and N3 columns on the
basis of the input information acquired by the input infor-
mation acquiring unit 110; storing the second input bit
array information generated as a part of the first MSB
information including the bit array of one row and N1 col-
umns in the predetermined area of the first row in the first
bit string group information; generating the shaped bit
array information including the bit array of m - 1 rows and
N columns by performing the probability distribution
shaping encoding processing on the first input bit array
information generated; generating the first group bit array
information including the combination of N1 predeter-
mined columns and the second group bit array informa-
tion including the combination of N2 predetermined col-

umns by separating the shaped bit array information gen-
erated; generating the first LSB information including the
bit array of one row and N1 columns by extracting, from
the first group bit array information generated, the bit ar-
ray of the (m - 1)-th row in the first group bit array infor-
mation, generating the inverted first LSB information in-
cluding the bit array of one row and N1 columns by cal-
culating exclusive ORs of bit values of each columns in
the first LSB information generated and each bit values
of each columns in the information of the first row in the
first bit string group information after storing the second
input bit array information, the columns in the information
of the first row in the first bit string group information each
corresponding to the columns in the first LSB information,
and storing the inverted first LSB information generated
in the m-th row in the first bit string group information;
generating the second LSB information including the bit
array of one row and N2 columns by extracting the bit
array of the (m - 1)-th row in the second group bit array
information from the second group bit array information
generated, and storing the second LSB information gen-
erated in the m-th row in the second bit string group in-
formation; generating the soft decision parity bit by per-
forming the systematic soft decision error correction en-
coding processing by using the inverted first LSB infor-
mation generated and the second LSB information gen-
erated, and storing the soft decision parity bit generated,
in the first row in the second bit string group information
as the second MSB information including the bit array of
one row and N2 columns; in the case where m is greater
than or equal to 3, generating the first SSB information
including the bit array of m - 2 rows and N1 columns by
extracting, from the first group bit array information gen-
erated, the first row to the (m - 2)-th row in the first group
bit array information, and storing the first SSB information
generated, in the second row to the (m - 1)-th row in the
first bit string group information; and in the case where
m is greater than or equal to 3, generating the second
SSB information including the bit array of m - 2 rows and
N2 columns by extracting, from the second group bit array
information generated, the first row to the (m - 2)-th row
in the second group bit array information, and storing the
second SSB information generated, in the second row
to the (m - 1)-th row in the second bit string group infor-
mation.
[0544] Further, in the above-described configuration,
the error correction encoding device 100a is configured
so that the encoding unit 120a generates the hard deci-
sion parity bit by performing the systematic hard decision
error correction encoding processing, by using the first
input bit array information and the second input bit array
information, or by using the first input bit array informa-
tion, the first SSB information, the second SSB informa-
tion, the second LSB information, and the first LSB infor-
mation or the inverted first LSB information, and stores
the hard decision parity bit generated, as the part of the
first MSB information in the predetermined area different
from the area storing the second input bit array informa-
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tion of the first row in the first bit string group information.
[0545] With this configuration, the error correction en-
coding device 100a can reduce the number of bits to be
protected by the soft decision error correction as com-
pared with the conventional soft decision error correction
encoding processing. For that reason, the error correc-
tion encoding device 100a can reduce the amount of cal-
culation of the soft decision error correction encoding
processing as compared with the conventional soft de-
cision error correction encoding processing.
[0546] In addition, with this configuration, the error cor-
rection encoding device 100a can make the number of
bits to be protected by the soft decision error correction
constant even if the number of bits of the pulse amplitude
modulation changes. For that reason, the error correction
encoding device 100a can make the amount of calcula-
tion of the soft decision error correction encoding
processing constant in the pulse amplitude modulation
of any number of bits. Thus, the error correction encoding
device 100a does not need to change the program or the
processing circuit for performing the soft decision error
correction encoding processing for each number of bits
of the pulse amplitude modulation, in the pulse amplitude
modulation of a plurality of number of bits.
[0547] In addition, with this configuration, it is possible
to perform the error correction by the hard decision error
correction processing in the error correction device 200a,
so that the error correction encoding device 100a can
cause the error correction device 200a to output infor-
mation with less residual error as compared with the case
where the hard decision error correction processing is
not performed.
[0548] Note that, the hard decision error correction en-
coding unit 125 included in the encoding unit 120a may
store the second MSB information that is the soft decision
parity bit generated by the soft decision error correction
encoding unit 124 performing the systematic soft deci-
sion error correction encoding processing in Dv[1][2] that
is the bit array space of the first row in the second bit
string group information, and then perform the systematic
hard decision error correction encoding processing on
the basis of the second input bit array information stored
in the second input bit area, the second MSB information
stored in Dv[1][2], and the first SSB information, the sec-
ond SSB information, the inverted first LSB information,
and the second LSB information stored in Dv[2 : m][1 : 2].
[0549] With this configuration, the error correction en-
coding device 100a can reduce a burst error of the sec-
ond reception MSB information corresponding to the soft
decision parity bit that is the second MSB information, in
the soft decision error correction decoding processing in
the error correction device 200a.
[0550] In addition, as described above, the error cor-
rection device 200a includes: the reception modulation
symbol group information generating unit 210 to receive
the reception digital baseband modulation signal that is
the signal based on the soft decision error correction
frame information generated by the error correction en-

coding device 100a and generate reception modulation
symbol group information including N reception modula-
tion symbols on the basis of the reception digital base-
band modulation signal; the hard decision candidate gen-
erating unit 220 to generate first hard decision candidate
bit array information including the bit array of one row
and N1 columns, second hard decision candidate bit ar-
ray information including the bit array of m - 2 rows and
N1 columns in the case where m is greater than or equal
to 3, and third hard decision candidate bit array informa-
tion including the bit array of m - 2 rows and N2 columns
in the case where m is greater than or equal to 3, by using
the reception modulation symbol group information gen-
erated by the reception modulation symbol group infor-
mation generating unit 210 on the basis of the first symbol
mapping rule or the second symbol mapping rule; the
soft decision information generating unit 230 to generate
the first posterior L value sequence including N2 posterior
L values corresponding to each columns of the first row
of the second bit string group information, the second
posterior L value sequence including N1 posterior L val-
ues corresponding to each columns of the m-th row of
the first bit string group information, and the third posterior
L value sequence including N2 posterior L values corre-
sponding to each columns of the m-th row of the second
bit string group information on the basis of the reception
modulation symbol group information generated by the
reception modulation symbol group information generat-
ing unit 210; the decoding unit 240a to perform multi-
stage error correction processing on the basis of the first
hard decision candidate bit array information, the second
hard decision candidate bit array information, and the
third hard decision candidate bit array information gen-
erated by the hard decision candidate generating unit
220, and the first posterior L value sequence, the second
posterior L value sequence, and the third posterior L val-
ue sequence generated by the soft decision information
generating unit 230 ; and the information output unit 290
to output information generated by the decoding unit
240a performing the multi-stage error correction
processing as output information, in which: in the first
decoding processing in the multi-stage error correction
processing, the decoding unit 240a generates inverted
first reception LSB information including the bit array of
one row and N1 columns corresponding to the inverted
first LSB information and second reception LSB informa-
tion including the bit array of one row and N2 columns
corresponding to the second LSB information by perform-
ing soft decision error correction processing on the basis
of the first posterior L value sequence, the second pos-
terior L value sequence, and the third posterior L value
sequence; in the second decoding processing in the mul-
ti-stage error correction processing, the decoding unit
240a generates first reception MSB information including
the bit array of one row and N1 columns corresponding
to the first MSB information on the basis of the first hard
decision candidate bit array information and the inverted
first reception LSB information, generates first reception
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SSB information including the bit array of m - 2 rows and
N1 columns corresponding to the first SSB information
on the basis of the second hard decision candidate bit
array information and the inverted first reception LSB in-
formation in the case where m is greater than or equal
to 3, and generates second reception SSB information
including the bit array of m - 2 rows and N2 columns
corresponding to the second SSB information on the ba-
sis of the third hard decision candidate bit array informa-
tion and the second reception LSB information in the case
where m is greater than or equal to 3; in the third decoding
processing in the multi-stage error correction processing,
the decoding unit 240a generates first reception LSB in-
formation corresponding to the first LSB information by
calculating exclusive ORs of bit values of each columns
in the inverted first reception LSB information and each
bit values of each columns in the first reception MSB
information each corresponding to the columns in the
inverted first reception LSB information; in the fourth de-
coding processing in the multi-stage error correction
processing, the decoding unit 240a generates first output
bit array information including the bit array of m - 1 rows
and N columns corresponding to the first input bit array
information by performing probability distribution shaping
decoding processing on the first reception SSB informa-
tion, the second reception SSB information, the first re-
ception LSB information, and the second reception LSB
information; in the fifth decoding processing in the multi-
stage error correction processing, the decoding unit 240a
generates second output bit array information including
the bit array of one row and N3 columns corresponding
to the second input bit array information by extracting
information of the predetermined area of the first recep-
tion MSB information; in the sixth decoding processing
in the multi-stage error correction processing, the decod-
ing unit 240a generates the output information corre-
sponding to the input information on the basis of the first
output bit array information and the second output bit
array information; and the information output unit 290
outputs the output information generated by the decoding
unit 240a.
[0551] Further, in the above-described configuration,
the error correction device 200a is configured so that:
the decoding unit 240a performs the hard decision error
correction processing on the information corresponding
to the second output bit array information of the first re-
ception MSB information, and the first reception SSB in-
formation, the second reception SSB information, the
second reception LSB information, and the first reception
LSB information or the inverted first reception LSB infor-
mation, or on the information corresponding to the sec-
ond output bit array information of the first reception MSB
information and the first output bit array information, on
the basis of the information stored in the predetermined
area of the first reception MSB information, in the seventh
decoding processing in the multi-stage error correction
processing; and in a case where the decoding unit 240a
performs the hard decision error correction processing

on the information corresponding to the second output
bit array information of the first reception MSB informa-
tion, and the first reception SSB information, the second
reception SSB information, the second reception LSB
information, and the inverted first reception LSB informa-
tion, the decoding unit 240a generates the second output
bit array information by calculating the exclusive OR by
using the inverted first reception LSB information and the
first reception MSB information after the seventh decod-
ing processing, in the third decoding processing, and ex-
tracting the information of the predetermined area of the
first reception MSB information after the seventh decod-
ing processing, in the fifth decoding processing; and in
a case where the decoding unit 240a performs the hard
decision error correction processing on the information
corresponding to the second output bit array information
of the first reception MSB information, and the first re-
ception SSB information, the second reception SSB in-
formation, the second reception LSB information, and
the first reception LSB information, the decoding unit
240a generates the second output bit array information
by performing the probability distribution shaping decod-
ing processing on the first reception SSB information, the
second reception SSB information, the first reception
LSB information, and the second reception LSB informa-
tion after the seventh decoding processing, in the fourth
decoding processing, and extracting the information of
the predetermined area of the first reception MSB infor-
mation after the seventh decoding processing, in the fifth
decoding processing; and in a case where the decoding
unit 240a performs the hard decision error correction
processing on the information corresponding to the sec-
ond output bit array information of the first reception MSB
information, and the first output bit array information, the
decoding unit 240a generates the second output bit array
information by extracting the information of the predeter-
mined area of the first reception MSB information after
the seventh decoding processing, in the fifth decoding
processing, and generates the output information on the
basis of the second output bit array information and the
first output bit array information after the seventh decod-
ing processing, in the sixth decoding processing.
[0552] With this configuration, the error correction de-
vice 200a can reduce the number of bits to be protected
by the soft decision error correction as compared with
the conventional soft decision error correction encoding
processing. For that reason, the error correction device
200a can reduce the amount of calculation of the soft
decision error correction decoding processing as com-
pared with the conventional soft decision error correction
decoding processing.
[0553] In addition, with this configuration, the error cor-
rection device 200a can make the number of bits to be
protected by the soft decision error correction constant
even if the number of bits of the pulse amplitude modu-
lation changes. For that reason, the error correction de-
vice 200a can make the amount of calculation of the soft
decision error correction decoding processing constant
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in the pulse amplitude modulation of any number of bits.
Thus, the error correction device 200a does not need to
change the program or the processing circuit for perform-
ing the soft decision error correction decoding processing
for each number of bits of the pulse amplitude modula-
tion, in the pulse amplitude modulation of a plurality of
number of bits.
[0554] In addition, with this configuration, the error cor-
rection device 200a can perform the error correction by
the hard decision error correction processing, so that it
is possible to output information with less residual error
as compared with the case where the hard decision error
correction processing is not performed.

Modification of Second Embodiment.

[0555] A modification of the second embodiment is a
particularly effective embodiment in a case where the
input information is information corresponding to the sec-
ond input bit array information and the information in-
cludes information of the number of bits less than N3, or
in a case where the input information does not include
information corresponding to the first input bit array in-
formation or the second input bit array information.
[0556] Hereinafter, the description will be given as-
suming that the input information includes the first input
bit array information including a bit array of m - 1 rows
and N columns and information corresponding to the sec-
ond input bit array information including N5 (N5 is an
integer of greater than or equal to 0 and less than N3.)
bits.
[0557] A configuration of a main part of a communica-
tion system 1d according to the modification of the sec-
ond embodiment will be described with reference to FIG.
35.
[0558] FIG. 35 is a configuration diagram illustrating
an example of the configuration of the main part of the
communication system 1d according to the modification
of the second embodiment.
[0559] In the modification of the second embodiment,
as an example, the communication system 1d is de-
scribed as an optical communication system, but the op-
tical communication system is merely an example, and
the communication system 1d is not limited to the optical
communication system. For example, the communica-
tion system 1d may be a communication system by wire-
less communication, metal communication, or the like.
[0560] The communication system 1d includes a trans-
mission device 10d, the transmission path 30, and a re-
ception device 20d.
[0561] The communication system 1d is obtained by
changing the transmission device 10a and the reception
device 20a according to the second embodiment to the
transmission device 10d and the reception device 20d.
[0562] Note that, in FIG. 35, blocks similar to the blocks
illustrated in FIG. 11 are designated by the same refer-
ence numerals, and the description thereof will be omit-
ted.

[0563] The transmission device 10d acquires input in-
formation and outputs a signal based on the acquired
input information. Since the communication system 1d
illustrated in FIG. 35 is the optical communication system,
the transmission device 10d illustrated in FIG. 35 is an
optical transmission device to output an optical signal.
[0564] The transmission device 10d includes an error
correction encoding device 100d, the D/A converter 11,
the transmission light source 12, and the optical modu-
lator 13.
[0565] The transmission device 10d is obtained by
changing the error correction encoding device 100a ac-
cording to the second embodiment to the error correction
encoding device 100d.
[0566] The error correction encoding device 100d ac-
quires the input information input from the outside of the
device, and generates a digital baseband modulation sig-
nal on the basis of the acquired input information. The
error correction encoding device 100d outputs the gen-
erated digital baseband modulation signal to the D/A con-
verter 11.
[0567] The reception device 20d receives the signal
output by the transmission device 10d via the transmis-
sion path 30, generates output information correspond-
ing to the input information on the basis of the signal, and
outputs the generated output information. Since the com-
munication system 1d illustrated in FIG. 35 is the optical
communication system, the reception device 20d illus-
trated in FIG. 35 is an optical reception device to receive
the optical signal.
[0568] The reception device 20d includes the reception
light source 22, the optical receiver 21, the A/D converter
23, and an error correction device 200d.
[0569] The reception device 20d is obtained by chang-
ing the error correction device 200a according to the sec-
ond embodiment to the error correction device 200d.
[0570] The error correction device 200d receives the
reception digital baseband modulation signal output by
the A/D converter 23, generates the output information
corresponding to the input information on the basis of the
reception digital baseband modulation signal, and out-
puts the generated output information.
[0571] A configuration of a main part of the error cor-
rection encoding device 100d according to the modifica-
tion the second embodiment will be described with ref-
erence to FIG. 36.
[0572] FIG. 36 is a configuration diagram illustrating
an example of the configuration of the main part of the
error correction encoding device 100d according to the
modification of the second embodiment.
[0573] The error correction encoding device 100d in-
cludes the input information acquiring unit 110, an en-
coding unit 120d, the modulation symbol conversion unit
130, and the transmission waveform shaping unit 140.
[0574] The error correction encoding device 100d is
obtained by changing the encoding unit 120a according
to the second embodiment to the encoding unit 120d.
[0575] Note that, in FIG. 36, blocks similar to the blocks
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illustrated in FIG. 12 are designated by the same refer-
ence numerals, and the description thereof will be omit-
ted.
[0576] The encoding unit 120d generates soft decision
error correction frame information obtained by combining
the first bit string group information and the second bit
string group information on the basis of the input infor-
mation acquired by the input information acquiring unit
110.
[0577] A configuration of a main part of the encoding
unit 120d according to the modification of the second
embodiment will be described with reference to FIG. 37.
[0578] FIG. 37 is a configuration diagram illustrating
an example of the configuration of the main part of the
encoding unit 120d according to the modification of the
second embodiment.
[0579] The encoding unit 120d includes an input bit
array information generating unit 121d, the probability
distribution shaping encoding unit 122, the bit inversion
unit 123, the soft decision error correction encoding unit
124, and a hard decision error correction encoding unit
125d.
[0580] The encoding unit 120d is obtained by changing
the input bit array information generating unit 121 and
the hard decision error correction encoding unit 125 ac-
cording to the second embodiment to the input bit array
information generating unit 121d and the hard decision
error correction encoding unit 125d.
[0581] Note that, in FIG. 37, blocks similar to the blocks
illustrated in FIG. 13 are designated by the same refer-
ence numerals, and the description thereof will be omit-
ted.
[0582] The input bit array information generating unit
121d generates the first input bit array information includ-
ing the bit array of m - 1 rows and N columns and the
second input bit array information including the bit array
of one row and N3 columns on the basis of the input
information acquired by the input information acquiring
unit 110.
[0583] Specifically, for example, the input bit array in-
formation generating unit 121d generates the first input
bit array information by extracting the first input bit array
information including the bit array of m - 1 rows and N
columns included in the input information.
[0584] In addition, when generating the second input
bit array information on the basis of the input information
acquired by the input information acquiring unit 110, the
input bit array information generating unit 121d generates
the second input bit array information by setting a bit val-
ue of a bit other than a bit corresponding to the input
information to a predetermined value in the second input
bit array information.
[0585] More specifically, for example, the input bit ar-
ray information generating unit 121d generates the sec-
ond input bit array information by extracting information
corresponding to the second input bit array information
including the N5 bits included in the input information,
setting a part of the second input bit array information as

the information, and setting a remaining part of the sec-
ond input bit array information to the predetermined val-
ue.
[0586] The value to be applied to the remaining part of
the second input bit array information is, for example, "0".
The value may be "1". In addition, if it is an array of pre-
determined values, an array of any values using "0" or
" 1" for each column in the remaining part of the second
input bit array information may be used.
[0587] The input bit array information generating unit
121d stores the generated second input bit array infor-
mation in the second input bit area, as a part of the first
MSB information including a bit array of one row and N1
columns.
[0588] Specifically, the input bit array information gen-
erating unit 121d stores the second input bit array infor-
mation in the second input bit area of Dv[1][1] that is a
bit array space in which the first MSB is stored. Herein-
after, the description will be given assuming that the sec-
ond input bit area is D[1][1][1 : N3].
[0589] In particular, in the modification of the second
embodiment, the description will be given assuming that
the information including the N5 bits extracted from the
input information by the input bit array information gen-
erating unit 121d is stored in D[1][1][1 : N5] of D[1][1][1 :
N3] that is the second input bit area. In addition, the de-
scription will be given assuming that the remaining part
of the second input bit array information set to the pre-
determined value for generating the second input bit ar-
ray information by the input bit array information gener-
ating unit 121d is stored in D[1][1][N5 + 1 : N3] of
D[1][1][1 : N3] that is the second input bit area. That is,
the predetermined value such as "0" or "1" is stored in
D[1][1][N5 + 1 : N3].
[0590] The hard decision error correction encoding unit
125d performs systematic hard decision error correction
encoding processing by using the first input bit array in-
formation generated by the input bit array information
generating unit 121d and the second input bit array in-
formation generated by the input bit array information
generating unit 121d.
[0591] When performing the systematic hard decision
error correction encoding processing, the hard decision
error correction encoding unit 125d performs the follow-
ing processing as preprocessing.
[0592] As first preprocessing, the hard decision error
correction encoding unit 125d switches bit values of col-
umns corresponding to each other between a bit value
of an area storing the predetermined value, of a prede-
termined area of the first row in the first bit string group
information storing the second input bit array information
as the part of the first MSB information, and a bit value
of a column corresponding to one of the columns of the
area storing the predetermined value of the predeter-
mined area of the first row in the first bit string group
information, of an area of the m-th row in the first bit string
group information storing the first LSB information.
[0593] As second preprocessing, the hard decision er-
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ror correction encoding unit 125d calculates an exclusive
OR for each of the columns corresponding to each other
between a bit value after switching the bit value of the
area storing the predetermined value, of the predeter-
mined area of the first row in the first bit string group
information, and a bit value after switching the bit value
of the column corresponding to one of the columns of the
area storing the predetermined value of the predeter-
mined area of the first row in the first bit string group
information, of the area of the m-th row in the first bit
string group information.
[0594] As third preprocessing, the hard decision error
correction encoding unit 125d overwrites the bit value
after switching the bit value in the area storing the pre-
determined value of the predetermined area of the first
row in the first bit string group information, by using a
calculation result of the exclusive OR in the columns cor-
responding to each other.
[0595] Specifically, as the first preprocessing, the hard
decision error correction encoding unit 125d first switch-
es values of the columns corresponding to each other
between B[1][1][N5 + 1 : N3] that are bit values of
D[1][1][N5 + 1 : N3] and B[m][1][N5 + 1 : N3] that are bit
values of D[m][1][N5 + 1 : N3].
[0596] Next, as the second preprocessing, the hard
decision error correction encoding unit 125d calculates
the exclusive OR for each of the columns corresponding
to each other between B[1][1][N5 + 1 : N3] after switching
the values and B[m][1][N5 + 1 : N3] after switching the
values.
[0597] Next, as the third preprocessing, the hard deci-
sion error correction encoding unit 125d overwrites each
of values of B[1][1][N5 + 1 : N3] after switching the values
by using a calculation result of the exclusive OR in the
columns corresponding to each other.
[0598] After performing the above-described preproc-
essing, the hard decision error correction encoding unit
125d generates a hard decision parity bit by performing
the systematic hard decision error correction encoding
processing, and stores the generated hard decision par-
ity bit as a part of the first MSB information in the hard
decision parity area.
[0599] Specifically, the hard decision error correction
encoding unit 125d stores the generated hard decision
parity bit in the hard decision parity area of Dv[1][1] that
is a bit array space in which the first MSB is stored. Here-
inafter, the description will be given assuming that the
hard decision parity area is D[1][1][N3 + 1 : N1].
[0600] Note that, functions of the input information ac-
quiring unit 110, the encoding unit 120d, the modulation
symbol conversion unit 130, and the transmission wave-
form shaping unit 140 included in the error correction
encoding device 100d according to the modification of
the second embodiment may be implemented by the
processor 501 and the memory 502 in the hardware con-
figuration illustrated as an example in FIGS. 5A and 5B
in the second embodiment, or may be implemented by
the processing circuit 503.

[0601] Operation of the error correction encoding de-
vice 100d according to the modification of the second
embodiment will be described with reference to FIGS.
38A, 38B, and 38C.
[0602] FIG. 38A is a part of a flowchart illustrating an
example of processing performed by the error correction
encoding device 100d according to the modification of
the second embodiment.
[0603] FIG. 38B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction encoding device 100d according to the
modification of the second embodiment.
[0604] FIG. 38C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction encoding device 100d according to
the modification of the second embodiment.
[0605] Hereinafter, FIGS. 38A, 38B, and 38C are col-
lectively denoted as FIG. 38.
[0606] The error correction encoding device 100d re-
peatedly executes the processing of the flowchart illus-
trated in FIG. 38.
[0607] Note that, the flowchart illustrated in FIG. 38 is
obtained by changing step ST1410 in the flowchart illus-
trated in FIG. 14 to step ST3810.
[0608] In FIG. 38, processing steps similar to process-
ing steps of the flowchart illustrated in FIG. 14 are des-
ignated by the same reference numerals, and the de-
scription thereof will be omitted.
[0609] First, the error correction encoding device 100d
performs processing of step ST601.
[0610] Next, in step ST3810, the encoding unit 120d
generates the soft decision error correction frame infor-
mation.
[0611] Specifically, the encoding unit 120d performs
processing of step ST3810 by performing processing
from step ST612 to step ST618, processing from step
ST1411 to step ST1412, processing of step ST3811, and
processing from step ST3815 to step ST3817 in process-
ing O below.
[0612] First, in step ST3811, the input bit array infor-
mation generating unit 121d included in the encoding unit
120d generates the first input bit array information and
the second input bit array information.
[0613] After step ST3811, the encoding unit 120d per-
forms the processing from step ST611 to step ST614.
[0614] After step ST614, in step ST3815, the hard de-
cision error correction encoding unit 125d included in the
encoding unit 120d switches the values of B[1][1][N5 +
1 : N3] with the values of B[m][1][N5 + 1 : N3].
[0615] After step ST3815, in step ST3816, the hard
decision error correction encoding unit 125d included in
the encoding unit 120d calculates exclusive ORs of
B[1][1][N5 + 1 : N3] and B[m][1][N5 + 1 : N3].
[0616] After step ST3816, in step ST3817, the hard
decision error correction encoding unit 125d included in
the encoding unit 120d overwrites the values of
B[1][1][N5 + 1 : N3] with calculation results of the exclu-
sive ORs.
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[0617] After step ST3817, the encoding unit 120d per-
forms the processing from step ST1411 to step ST1412.
[0618] After step ST1412, the encoding unit 120d per-
forms the processing from step ST615 to step ST618.
[0619] After step ST618, the encoding unit 120d ends
the processing O. That is, after step ST618, the encoding
unit 120d ends the processing of step ST3810.
[0620] After step ST3810, the error correction encod-
ing device 100d performs processing from step ST620
to step ST630.
[0621] After step ST630, the error correction encoding
device 100d ends the processing of the flowchart illus-
trated in FIG. 38, and the error correction encoding device
100d returns to the processing of step ST601 and repeat-
edly executes the processing of the flowchart illustrated
in FIG. 38.
[0622] A configuration of a main part of the error cor-
rection device 200d according to the modification of the
second embodiment will be described with reference to
FIG. 39.
[0623] FIG. 39 is a configuration diagram illustrating
an example of the configuration of the main part of the
error correction device 200d according to the modifica-
tion of the second embodiment.
[0624] The error correction device 200d includes the
reception modulation symbol group information generat-
ing unit 210, the hard decision candidate generating unit
220, the soft decision information generating unit 230, a
decoding unit 240d, and the information output unit 290.
[0625] The error correction device 200d is obtained by
changing the decoding unit 240a according to the second
embodiment to the decoding unit 240d.
[0626] Note that, in FIG. 39, blocks similar to the blocks
illustrated in FIG. 15 are designated by the same refer-
ence numerals, and the description thereof will be omit-
ted.
[0627] The decoding unit 240d generates the output
information by performing the multi-stage error correction
processing on the basis of the first hard decision candi-
date bit array information, the second hard decision can-
didate bit array information, and the third hard decision
candidate bit array information generated by the hard
decision candidate generating unit 220, and the first pos-
terior L value sequence, the second posterior L value
sequence, and the third posterior L value sequence gen-
erated by the soft decision information generating unit
230.
[0628] A configuration of a main part of the decoding
unit 240d according to the modification of the second
embodiment will be described with reference to FIG. 40.
[0629] FIG. 40 is a configuration diagram illustrating
an example of the configuration of the main part of the
decoding unit 240d according to the modification of the
second embodiment.
[0630] The decoding unit 240d includes the soft deci-
sion error correction decoding unit 241, the selection unit
242, the reception side bit inversion unit 243, the proba-
bility distribution shaping decoding unit 244, a second

output bit array generating unit 245d, the output informa-
tion generating unit 246, and a hard decision error cor-
rection decoding unit 247d.
[0631] The decoding unit 240d is obtained by changing
the second output bit array generating unit 245 and the
hard decision error correction decoding unit 247 accord-
ing to the second embodiment to the second output bit
array generating unit 245d and the hard decision error
correction decoding unit 247d.
[0632] Note that, in FIG. 40, blocks similar to the blocks
illustrated in FIG. 16 are designated by the same refer-
ence numerals, and the description thereof will be omit-
ted.
[0633] The hard decision error correction decoding unit
247d performs seventh decoding processing in the multi-
stage error correction processing.
[0634] The hard decision error correction decoding unit
247d performs hard decision error correction processing
on information corresponding to the second output bit
array information of the first reception MSB information,
and the first reception SSB information, the second re-
ception SSB information, the second reception LSB in-
formation, and the inverted first reception LSB informa-
tion on the basis of information stored in the reception
hard decision parity area corresponding to the hard de-
cision parity area of the first MSB information, which is a
predetermined area of the first reception MSB informa-
tion.
[0635] After performing the hard decision error correc-
tion processing, the hard decision error correction de-
coding unit 247d performs processing below as post-
processing, in the seventh decoding processing in the
multi-stage error correction processing.
[0636] First, as first post-processing, the hard decision
error correction decoding unit 247d calculates an exclu-
sive OR for each of columns corresponding to each other
between a bit value of a column in the first reception MSB
information corresponding to one of the columns of an
area storing a predetermined value in a predetermined
area of the first row in the first bit string group information
storing the second input bit array information as a part
of the first MSB information, and a bit value of a column
in the first reception LSB information corresponding to
one of the columns of the area storing the predetermined
value in the predetermined area of the first row in the first
bit string group information storing the second input bit
array information as the part of the first MSB information.
[0637] Next, as second post-processing, the hard de-
cision error correction decoding unit 247d overwrites the
bit value of the column in the first reception MSB infor-
mation corresponding to one of the columns of the area
storing the predetermined value in the predetermined ar-
ea of the first row in the first bit string group information,
by using a calculation result of the exclusive OR in the
columns corresponding to each other.
[0638] Specifically, first, as the first post-processing,
the hard decision error correction decoding unit 247d cal-
culates the exclusive OR for each of the columns corre-
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sponding to each other between values from the (N5 +
1)-th column to the N3-th column of the first reception
MSB information corresponding to B[1][1][N5 + 1 : N3]
that are bit values of D[1][1][N5 + 1 : N3] that is a bit array
space in which the first MSB information is stored, and
values from the (N5 + 1)-th column to the N3-th column
of the first reception LSB information corresponding to
B[m][1][N5 + 1 : N3] that are bit values of D[m][1][N5+ 1 :
N3] that is a bit array space in which the first LSB infor-
mation is stored. When performing the first post-process-
ing, the hard decision error correction decoding unit 247d
may use N3 - N5 predetermined fixed values stored in
D[1][1][N5 + 1 : N3] when the input bit array information
generating unit 121d included in the encoding unit 120d
of the error correction encoding device 100d generates
the second input bit array information, instead of the val-
ues from the (N5 + 1)-th column to the N3-th column of
the first reception LSB information, and calculate the ex-
clusive OR for each of the columns corresponding to each
other between the values from the (N5 + 1)-th column to
the N3-th column of the first reception MSB information
and the N3 -N5 predetermined fixed values. Hereinafter,
the description will be given assuming that, as the first
post-processing, the hard decision error correction de-
coding unit 247d calculates the exclusive OR for each of
the columns corresponding to each other between the
values from the (N5 + 1)-th column to the N3-th column
of the first reception MSB information and the values from
the (N5 + 1)-th column to the N3-th column of the first
reception LSB information.
[0639] Next, as the second post-processing, the hard
decision error correction decoding unit 247d overwrites
each of the values from the (N5 + 1)-th column to the N3-
th column of the first reception LSB information by using
the calculation result of the exclusive OR in the columns
corresponding to each other.
[0640] The second output bit array generating unit
245d performs the fifth decoding processing in the multi-
stage error correction processing.
[0641] Specifically, the second output bit array gener-
ating unit 245d generates the second output bit array
information including a bit array of one row and N5 col-
umns corresponding to the information including the N5
bits included in the input information by extracting infor-
mation in an area of the first reception MSB information
corresponding to an area storing the information corre-
sponding to the second input bit array information includ-
ing the N5 bits included in the input information, of an
area in which the error correction encoding device 100d
stores the first MSB information.
[0642] More specifically, for example, the second out-
put bit array generating unit 245d generates the second
output bit array information by extracting bit values from
the first column to the N5-th column of the area in which
the error correction encoding device 100d stores the first
MSB information.
[0643] The error correction device 200d can obtain out-
put information with less residual error by performing er-

ror correction by the hard decision error correction
processing as compared with the case where the hard
decision error correction processing is not performed.
[0644] In particular, the error correction device 200d
can perform the error correction with higher performance
as compared with the error correction in the error correc-
tion device 200a according to the second embodiment,
by performing the multi-stage error correction processing
on the basis of the reception digital baseband modulation
signal that is a signal based on the soft decision error
correction frame information generated by the error cor-
rection encoding device 100d described above.
[0645] Note that, functions of the reception modulation
symbol group information generating unit 210, the hard
decision candidate generating unit 220, the soft decision
information generating unit 230, the decoding unit 240d,
and the information output unit 290 included in the error
correction device 200d according to the modification of
the second embodiment may be implemented by the
processor 901 and the memory 902 in the hardware con-
figuration illustrated as an example in FIGS. 9A and 9B
in the second embodiment, or may be implemented by
the processing circuit 903.
[0646] Operation of the error correction device 200d
according to the modification of the second embodiment
will be described with reference to FIGS. 41A, 41B, and
41C.
[0647] FIG. 41Ais a part of a flowchart illustrating an
example of processing performed by the error correction
device 200d according to the modification of the second
embodiment.
[0648] FIG. 41B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction device 200d according to the modifica-
tion of the second embodiment.
[0649] FIG. 41C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction device 200d according to the modi-
fication of the second embodiment.
[0650] Hereinafter, FIGS. 41A, 41B, and 41C are col-
lectively denoted as FIG. 41.
[0651] The error correction device 200d repeatedly ex-
ecutes the processing of the flowchart illustrated in FIG.
41.
[0652] Note that, the flowchart illustrated in FIG. 41 is
obtained by changing step ST1730 in the flowchart illus-
trated in FIG. 17 to step ST4130.
[0653] In FIG. 41, processing steps similar to process-
ing steps of the flowchart illustrated in FIG. 17 are des-
ignated by the same reference numerals, and the de-
scription thereof will be omitted.
[0654] First, the error correction device 200d performs
processing from step ST1000 to step ST1020.
[0655] After step ST1020, in step ST4130, the decod-
ing unit 240d generates the output information by per-
forming the multi-stage error correction processing.
[0656] Specifically, the decoding unit 240d performs
processing of step ST4130 by performing processing
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from step ST1031 to step ST1034 and step ST1036,
processing of step ST1731, and processing from step
ST4132 to step ST4133 and step ST4135 in processing
P below.
[0657] More specifically, first, the decoding unit 240d
performs the processing from step ST1031 to step
ST1033.
[0658] After step ST1033, the decoding unit 240d per-
forms the processing of step ST1731.
[0659] After step ST1731, in step ST4132, the hard
decision error correction decoding unit 247d included in
the decoding unit 240d calculates exclusive ORs of the
values from the (N5 + 1)-th column to the N3-th column
of the first reception MSB information and the values from
the (N5 + 1)-th column to the N3-th column of the first
reception LSB information.
[0660] After step ST4132, in step ST4133, the hard
decision error correction decoding unit 247d included in
the decoding unit 240d overwrites the values from the
(N5 + 1)-th column to the N3-th column of the first recep-
tion LSB information with the calculation results of the
exclusive OR in the columns corresponding to each oth-
er.
[0661] After step ST4133, the decoding unit 240d per-
forms the processing of step ST1034.
[0662] After step ST1034, in step ST4135, the second
output bit array generating unit 245d included in the de-
coding unit 240d generates the second output bit array
information including the bit array of one row and N5 col-
umns.
[0663] After step ST4135, the decoding unit 240d per-
forms the processing of step ST1036.
[0664] After step ST1036, the decoding unit 240d ends
the processing P. That is, after step ST1036, the decod-
ing unit 240d ends the processing of step ST4130.
[0665] After step ST4130, the error correction device
200d performs processing of step ST1050.
[0666] After step ST1050, the error correction device
200d ends the processing of the flowchart illustrated in
FIG. 41, and the error correction device 200d returns to
the processing of step ST1000 and repeatedly executes
the processing of the flowchart illustrated in FIG. 41.
[0667] As described above, the error correction encod-
ing device 100d includes: the input information acquiring
unit 110 to acquire the input information; the encoding
unit 120d to generate the soft decision error correction
frame information including the bit array of m rows and
N columns on the basis of the input information acquired
by the input information acquiring unit 110, the bit array
being obtained by combining the first bit string group in-
formation and the second bit string group information,
the first bit string group information including the bit array
of m rows and N1 columns in which it is enabled to per-
form the pulse amplitude modulation of the combination
of bit values of each column of the first bit string group
information into the modulation symbol by using the pre-
determined first symbol mapping rule, the second bit
string group information including the bit array of m rows

and N2 columns in which it is enabled to perform the
pulse amplitude modulation of the combination of bit val-
ues of each column of the second bit string group infor-
mation into the modulation symbol by using the prede-
termined second symbol mapping rule; the modulation
symbol conversion unit 130 to generate the modulation
symbol group information including N pieces of the mod-
ulation symbols by performing the pulse amplitude mod-
ulation of the combination of bit values of each column
of the soft decision error correction frame information
generated by the encoding unit 120d into the modulation
symbol for each column of the soft decision error correc-
tion frame information by using the first symbol mapping
rule or the second symbol mapping rule; and the trans-
mission waveform shaping unit 140 to generate the digital
baseband modulation signal on the basis of the modula-
tion symbol group information generated by the modula-
tion symbol conversion unit 130 and output the digital
baseband modulation signal generated, in which the en-
coding unit 120d generates the soft decision error cor-
rection frame information by: generating the first input bit
array information including the bit array of m - 1 rows and
N columns and the second input bit array information
including the bit array of one row and N3 columns on the
basis of the input information acquired by the input infor-
mation acquiring unit 110; storing the second input bit
array information generated as a part of the first MSB
information including the bit array of one row and N1 col-
umns in the predetermined area of the first row in the first
bit string group information; generating the shaped bit
array information including the bit array of m - 1 rows and
N columns by performing the probability distribution
shaping encoding processing on the first input bit array
information generated; generating the first group bit array
information including the combination of N1 predeter-
mined columns and the second group bit array informa-
tion including the combination of N2 predetermined col-
umns by separating the shaped bit array information gen-
erated; generating the first LSB information including the
bit array of one row and N1 columns by extracting, from
the first group bit array information generated, the bit ar-
ray of the (m - 1)-th row in the first group bit array infor-
mation, generating the inverted first LSB information in-
cluding the bit array of one row and N1 columns by cal-
culating exclusive ORs of bit values of each columns in
the first LSB information generated and each bit values
of each columns in the information of the first row in the
first bit string group information after storing the second
input bit array information, the columns in the information
of the first row in the first bit string group information each
corresponding to the columns in the first LSB information,
and storing the inverted first LSB information generated
in the m-th row in the first bit string group information;
generating the second LSB information including the bit
array of one row and N2 columns by extracting the bit
array of the (m - 1)-th row in the second group bit array
information from the second group bit array information
generated, and storing the second LSB information gen-
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erated in the m-th row in the second bit string group in-
formation; generating the soft decision parity bit by per-
forming the systematic soft decision error correction en-
coding processing by using the inverted first LSB infor-
mation generated and the second LSB information gen-
erated, and storing the soft decision parity bit generated,
in the first row in the second bit string group information
as the second MSB information including the bit array of
one row and N2 columns; in the case where m is greater
than or equal to 3, generating the first SSB information
including the bit array of m - 2 rows and N1 columns by
extracting, from the first group bit array information gen-
erated, the first row to the (m - 2)-th row in the first group
bit array information, and storing the first SSB information
generated, in the second row to the (m - 1)-th row in the
first bit string group information; and in the case where
m is greater than or equal to 3, generating the second
SSB information including the bit array of m - 2 rows and
N2 columns by extracting, from the second group bit array
information generated, the first row to the (m - 2)-th row
in the second group bit array information, and storing the
second SSB information generated, in the second row
to the (m - 1)-th row in the second bit string group infor-
mation.
[0668] Further, in the above-described configuration,
the error correction encoding device 100d is configured
so that the encoding unit 120d generates the hard deci-
sion parity bit by performing the systematic hard decision
error correction encoding processing, by using the first
input bit array information and the second input bit array
information, or by using the first input bit array informa-
tion, the first SSB information, the second SSB informa-
tion, the second LSB information, and the first LSB infor-
mation or the inverted first LSB information, and stores
the hard decision parity bit generated, as the part of the
first MSB information in the predetermined area different
from the area storing the second input bit array informa-
tion of the first row in the first bit string group information.
[0669] Further, in the above-described configuration,
the error correction encoding device 100d is configured
so that: the encoding unit 120d generates the second
input bit array information by setting the bit value of the
bit other than the bit corresponding to the input informa-
tion to the predetermined value in the second input bit
array information when generating the second input bit
array information on the basis of the input information
acquired by the input information acquiring unit 110; and
the encoding unit 120d, when performing the systematic
hard decision error correction encoding processing, as
the first preprocessing, switches the bit values of the col-
umns corresponding to each other between the bit value
of the area storing the predetermined value, of the pre-
determined area of the first row in the first bit string group
information storing the second input bit array information
as the part of the first MSB information, and the bit value
of the column corresponding to one of the columns of the
area storing the predetermined value of the predeter-
mined area of the first row in the first bit string group

information, of the area of the m-th row in the first bit
string group information storing the first LSB information,
and as the second preprocessing, calculates the exclu-
sive OR for each of the columns corresponding to each
other between the bit value after switching the bit value
of the area storing the predetermined value, of the pre-
determined area of the first row in the first bit string group
information, and the bit value after switching the bit value
of the column corresponding to one of the columns of the
area storing the predetermined value of the predeter-
mined area of the first row in the first bit string group
information, of the area of the m-th row in the first bit
string group information, and as the third preprocessing,
overwrites the bit value after switching the bit value of
the area storing the predetermined value, of the prede-
termined area of the first row in the first bit string group
information, by using the calculation result of the exclu-
sive OR in the columns corresponding to each other.
[0670] With this configuration, the error correction de-
vice 200d can perform the error correction with higher
performance as compared with the error correction de-
vice 200a according to the second embodiment that per-
forms the error correction by the hard decision error cor-
rection processing, so that the error correction encoding
device 100d can cause the error correction device 200d
to output the output information with less residual error
as compared with the case where the hard decision error
correction processing is not performed.
[0671] In addition, as described above, the error cor-
rection device 200d includes: the reception modulation
symbol group information generating unit 210 to receive
the reception digital baseband modulation signal that is
the signal based on the soft decision error correction
frame information generated by the error correction en-
coding device 100d and generate reception modulation
symbol group information including N reception modula-
tion symbols on the basis of the reception digital base-
band modulation signal; the hard decision candidate gen-
erating unit 220 to generate first hard decision candidate
bit array information including the bit array of one row
and N1 columns, second hard decision candidate bit ar-
ray information including the bit array of m - 2 rows and
N1 columns in the case where m is greater than or equal
to 3, and third hard decision candidate bit array informa-
tion including the bit array of m - 2 rows and N2 columns
in the case where m is greater than or equal to 3, by using
the reception modulation symbol group information gen-
erated by the reception modulation symbol group infor-
mation generating unit 210 on the basis of the first symbol
mapping rule or the second symbol mapping rule; the
soft decision information generating unit 230 to generate
the first posterior L value sequence including N2 posterior
L values corresponding to each columns of the first row
of the second bit string group information, the second
posterior L value sequence including N1 posterior L val-
ues corresponding to each columns of the m-th row of
the first bit string group information, and the third posterior
L value sequence including N2 posterior L values corre-
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sponding to each columns of the m-th row of the second
bit string group information on the basis of the reception
modulation symbol group information generated by the
reception modulation symbol group information generat-
ing unit 210; the decoding unit 240d to perform multi-
stage error correction processing on the basis of the first
hard decision candidate bit array information, the second
hard decision candidate bit array information, and the
third hard decision candidate bit array information gen-
erated by the hard decision candidate generating unit
220, and the first posterior L value sequence, the second
posterior L value sequence, and the third posterior L val-
ue sequence generated by the soft decision information
generating unit 230 ; and the information output unit 290
to output information generated by the decoding unit
240d performing the multi-stage error correction
processing as output information, in which: in the first
decoding processing in the multi-stage error correction
processing, the decoding unit 240d generates inverted
first reception LSB information including the bit array of
one row and N1 columns corresponding to the inverted
first LSB information and second reception LSB informa-
tion including the bit array of one row and N2 columns
corresponding to the second LSB information by perform-
ing soft decision error correction processing on the basis
of the first posterior L value sequence, the second pos-
terior L value sequence, and the third posterior L value
sequence; in the second decoding processing in the mul-
ti-stage error correction processing, the decoding unit
240d generates first reception MSB information including
the bit array of one row and N1 columns corresponding
to the first MSB information on the basis of the first hard
decision candidate bit array information and the inverted
first reception LSB information, generates first reception
SSB information including the bit array of m - 2 rows and
N1 columns corresponding to the first SSB information
on the basis of the second hard decision candidate bit
array information and the inverted first reception LSB in-
formation in the case where m is greater than or equal
to 3, and generates second reception SSB information
including the bit array of m - 2 rows and N2 columns
corresponding to the second SSB information on the ba-
sis of the third hard decision candidate bit array informa-
tion and the second reception LSB information in the case
where m is greater than or equal to 3; in the third decoding
processing in the multi-stage error correction processing,
the decoding unit 240d generates first reception LSB in-
formation corresponding to the first LSB information by
calculating exclusive ORs of bit values of each columns
in the inverted first reception LSB information and each
bit values of each columns in the first reception MSB
information each corresponding to the columns in the
inverted first reception LSB information; in the fourth de-
coding processing in the multi-stage error correction
processing, the decoding unit 240d generates first output
bit array information including the bit array of m - 1 rows
and N columns corresponding to the first input bit array
information by performing probability distribution shaping

decoding processing on the first reception SSB informa-
tion, the second reception SSB information, the first re-
ception LSB information, and the second reception LSB
information; in the fifth decoding processing in the multi-
stage error correction processing, the decoding unit 240d
generates second output bit array information including
the bit array of one row and N3 columns corresponding
to the second input bit array information by extracting
information of the predetermined area of the first recep-
tion MSB information; in the sixth decoding processing
in the multi-stage error correction processing, the decod-
ing unit 240d generates the output information corre-
sponding to the input information on the basis of the first
output bit array information and the second output bit
array information; and the information output unit 290
outputs the output information generated by the decoding
unit 240d.
[0672] Further, in the above-described configuration,
the error correction device 200d is configured so that:
the decoding unit 240d performs the hard decision error
correction processing on the information corresponding
to the second output bit array information of the first re-
ception MSB information, and the first reception SSB in-
formation, the second reception SSB information, the
second reception LSB information, and the first reception
LSB information or the inverted first reception LSB infor-
mation, or on the information corresponding to the sec-
ond output bit array information of the first reception MSB
information and the first output bit array information, on
the basis of the information stored in the predetermined
area of the first reception MSB information, in the seventh
decoding processing in the multi-stage error correction
processing; and in a case where the decoding unit 240d
performs the hard decision error correction processing
on the information corresponding to the second output
bit array information of the first reception MSB informa-
tion, and the first reception SSB information, the second
reception SSB information, the second reception LSB
information, and the inverted first reception LSB informa-
tion, the decoding unit 240d generates the second output
bit array information by calculating the exclusive OR by
using the inverted first reception LSB information and the
first reception MSB information after the seventh decod-
ing processing, in the third decoding processing, and ex-
tracting the information of the predetermined area of the
first reception MSB information after the seventh decod-
ing processing, in the fifth decoding processing; and in
a case where the decoding unit 240d performs the hard
decision error correction processing on the information
corresponding to the second output bit array information
of the first reception MSB information, and the first re-
ception SSB information, the second reception SSB in-
formation, the second reception LSB information, and
the first reception LSB information, the decoding unit
240d generates the second output bit array information
by performing the probability distribution shaping decod-
ing processing on the first reception SSB information, the
second reception SSB information, the first reception
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LSB information, and the second reception LSB informa-
tion after the seventh decoding processing, in the fourth
decoding processing, and extracting the information of
the predetermined area of the first reception MSB infor-
mation after the seventh decoding processing, in the fifth
decoding processing; and in a case where the decoding
unit 240d performs the hard decision error correction
processing on the information corresponding to the sec-
ond output bit array information of the first reception MSB
information, and the first output bit array information, the
decoding unit 240d generates the second output bit array
information by extracting the information of the predeter-
mined area of the first reception MSB information after
the seventh decoding processing, in the fifth decoding
processing, and generates the output information on the
basis of the second output bit array information and the
first output bit array information after the seventh decod-
ing processing, in the sixth decoding processing.
[0673] Further, in the above-described configuration,
the error correction device 200d is configured so that the
decoding unit 240d performs the hard decision error cor-
rection processing, and then, in the seventh decoding
processing in the multi-stage error correction processing,
as the first post-processing, calculates the exclusive OR
for each of columns corresponding to each other between
the bit value of the column in the first reception MSB
information corresponding to one of the columns of the
area storing the predetermined value of the predeter-
mined area of the first row in the first bit string group
information storing the second input bit array information
as the part of the first MSB information, and the bit value
of the column in the first reception LSB information cor-
responding to one of the columns of the area storing the
predetermined value in the predetermined area in the
first row in the first bit string group information storing the
second input bit array information as the part of the first
MSB information, and as the second post-processing,
overwrites the bit value of the column in the first reception
MSB information corresponding to one of the columns of
the area storing the predetermined value of the prede-
termined area of the first row in the first bit string group
information, by using the calculation result of the exclu-
sive OR in the columns corresponding to each other.
[0674] With this configuration, the error correction de-
vice 200d can perform the error correction with higher
performance as compared with the error correction de-
vice 200a according to the second embodiment that per-
forms the error correction by the hard decision error cor-
rection processing.

Third Embodiment.

[0675] A configuration of a main part of a communica-
tion system 1b according to a third embodiment will be
described with reference to FIG. 18.
[0676] FIG. 18 is a configuration diagram illustrating
an example of the configuration of the main part of the
communication system 1b according to the third embod-

iment.
[0677] In the third embodiment, as an example, the
communication system 1b is described as an optical
communication system, but the optical communication
system is merely an example, and the communication
system 1b is not limited to the optical communication
system. For example, the communication system 1b may
be a communication system by wireless communication,
metal communication, or the like.
[0678] The communication system 1b includes a trans-
mission device 10b, the transmission path 30, and a re-
ception device 20b.
[0679] The communication system 1b is obtained by
changing the transmission device 10 and the reception
device 20 according to the first embodiment to the trans-
mission device 10b and the reception device 20b.
[0680] Note that, in FIG. 18, blocks similar to the blocks
illustrated in FIG. 1 are designated by the same reference
numerals, and the description thereof will be omitted.
[0681] The transmission device 10b acquires input in-
formation and outputs a signal based on the acquired
input information. Since the communication system 1b
illustrated in FIG. 18 is the optical communication system,
the transmission device 10b illustrated in FIG. 18 is an
optical transmission device to output an optical signal.
[0682] The transmission device 10b includes an error
correction encoding device 100b, the D/A converter 11,
the transmission light source 12, and the optical modu-
lator 13.
[0683] The transmission device 10b is obtained by
changing the error correction encoding device 100 ac-
cording to the first embodiment to the error correction
encoding device 100b.
[0684] The error correction encoding device 100b ac-
quires the input information input from the outside of the
device, and generates a digital baseband modulation sig-
nal on the basis of the acquired input information. The
error correction encoding device 100b outputs the gen-
erated digital baseband modulation signal to the D/A con-
verter 11.
[0685] The reception device 20b receives the signal
output by the transmission device 10b via the transmis-
sion path 30, generates output information correspond-
ing to the input information on the basis of the signal, and
outputs the generated output information. Since the com-
munication system 1b illustrated in FIG. 18 is the optical
communication system, the reception device 20b illus-
trated in FIG. 18 is an optical reception device to receive
the optical signal.
[0686] The reception device 20b includes the reception
light source 22, the optical receiver 21, the A/D converter
23, and an error correction device 200b.
[0687] The reception device 20b is obtained by chang-
ing the error correction device 200 according to the first
embodiment to the error correction device 200b.
[0688] The error correction device 200b receives the
reception digital baseband modulation signal output by
the A/D converter 23, generates the output information
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corresponding to the input information on the basis of the
reception digital baseband modulation signal, and out-
puts the generated output information.
[0689] A configuration of a main part of the error cor-
rection encoding device 100b according to the third em-
bodiment will be described with reference to FIG. 19.
[0690] FIG. 19 is a configuration diagram illustrating
an example of the configuration of the main part of the
error correction encoding device 100b according to the
third embodiment.
[0691] The error correction encoding device 100b in-
cludes the input information acquiring unit 110, an en-
coding unit 120b, the modulation symbol conversion unit
130, the transmission waveform shaping unit 140, and
an interleaving unit 150.
[0692] The error correction encoding device 100b is
obtained by adding the interleaving unit 150 to the con-
figuration of the error correction encoding device 100 ac-
cording to the first embodiment, and changing the en-
coding unit 120 according to the first embodiment to the
encoding unit 120b.
[0693] Note that, in FIG. 19, blocks similar to the blocks
illustrated in FIG. 2 are designated by the same reference
numerals, and the description thereof will be omitted.
[0694] The encoding unit 120b generates soft decision
error correction frame information obtained by combining
the first bit string group information and the second bit
string group information on the basis of the input infor-
mation acquired by the input information acquiring unit
110.
[0695] Details of the encoding unit 120b will be de-
scribed later.
[0696] The interleaving unit 150 switches information
of any column with information of any other column, in
the soft decision error correction frame information gen-
erated by the encoding unit 120b, on the basis of a pre-
determined switching rule (Hereinafter, it is referred to
as a "first switching rule".).
[0697] A bit array space in which the soft decision error
correction frame information is stored will be described
with reference to FIG. 25.
[0698] Note that, D that is a bit array space in which
the soft decision error correction frame information illus-
trated in FIG. 25 is stored, illustrates, as an example, a
case where N1 and N2 are equal.
[0699] FIG. 25A is an explanatory diagram illustrating
an example of the bit array space in which soft decision
error correction frame information before the interleaving
unit 150 performs switching is stored.
[0700] As illustrated in FIG. 25A, in D that is a bit array
space in which the soft decision error correction frame
information before the interleaving unit 150 performs
switching is stored, Dd[1] that is a bit array space of m
rows and N1 columns in which the first bit string group
information is stored and Dd[1] that is a bit array space
of m rows and N2 columns in which the second bit string
group information is stored are arranged in one bit array
space.

[0701] The interleaving unit 150 switches information
of any column with information of any other column, in D
that is the bit array space illustrated in FIG. 25A, on the
basis of the first switching rule.
[0702] FIG. 25B is an explanatory diagram illustrating
an example of the bit array space in which soft decision
error correction frame information after the interleaving
unit 150 performs switching is stored.
[0703] For example, as illustrated in FIG. 25B, the in-
terleaving unit 150 switches arrangements of columns in
the soft decision error correction frame information so
that D[1 : m][2][k] that is a bit array space storing infor-
mation of the k-th column of the second bit string group
information is disposed between D[1 : m][1][k] that is a
bit array space storing information of the k-th column of
the first bit string group information and D[1 : m][1][k + 1].
[0704] The bit array space illustrated in FIG. 25B is
merely an example, and as long as the interleaving unit
150 performs switching on the basis of the first switching
rule, the mode of the bit array space after performing
switching is not limited to the bit array space illustrated
in FIG. 25B.
[0705] The modulation symbol conversion unit 130
performs pulse amplitude modulation on the basis of the
soft decision error correction frame information after per-
forming switching of the interleaving unit 150 columns.
[0706] The modulation symbol group information
stored in the bit array space in which the modulation sym-
bol group information generated by the modulation sym-
bol conversion unit 130 is stored will be described with
reference to FIG. 26.
[0707] FIG. 26A is an explanatory diagram illustrating
an example of the modulation symbol group information
in a case where the error correction encoding device
100b does not include the interleaving unit 150.
[0708] As illustrated in FIG. 26A, in the modulation
symbol group information in the case where the error
correction encoding device 100b does not include the
interleaving unit 150, Xv[1] that is the first modulation
symbol group information and Xv[2] that is the second
modulation symbol group information are arranged in one
bit array space.
[0709] FIG. 26B is an explanatory diagram illustrating
an example of the modulation symbol group information
in a case where the error correction encoding device
100b includes the interleaving unit 150.
[0710] As illustrated in FIG. 26B, in the modulation
symbol group information in the case where the error
correction encoding device 100b includes the interleav-
ing unit 150, X[2][k] that is a PAM symbol belonging to
Xv[2] that is the second modulation symbol group infor-
mation is disposed between X[1][k] and X[1][k + 1] that
are PAM symbols belonging to Xv[1] that is the first mod-
ulation symbol group information so that the modulation
symbol group information corresponds to the soft deci-
sion error correction frame information after the interleav-
ing unit 150 performs the switching as illustrated as an
example in FIG. 25B.
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[0711] Note that, the interleaving unit 150 may switch
information of any column with information of any other
column, in the modulation symbol group information gen-
erated by the modulation symbol conversion unit 130, on
the basis of the first switching rule.
[0712] Hereinafter, the description will be given as-
suming that the interleaving unit 150 switches information
of any column with information of any other column, in
the soft decision error correction frame information gen-
erated by the encoding unit 120b, on the basis of the first
permutation rule.
[0713] A configuration of a main part of the encoding
unit 120b according to the third embodiment will be de-
scribed with reference to FIG. 20.
[0714] FIG. 20 is a configuration diagram illustrating
an example of the main part of the encoding unit 120b
according to the third embodiment.
[0715] The encoding unit 120b includes the input bit
array information generating unit 121, the probability dis-
tribution shaping encoding unit 122, the bit inversion unit
123, the soft decision error correction encoding unit 124,
an LSB interleaving unit 126, and an LSB deinterleaving
unit 127.
[0716] The encoding unit 120b is obtained by adding
the LSB interleaving unit 126 and the LSB deinterleaving
unit 127 to the configuration of the encoding unit 120
according to the first embodiment.
[0717] Note that, in FIG. 20, blocks similar to the blocks
illustrated in FIG. 3 are designated by the same reference
numerals, and the description thereof will be omitted.
[0718] The LSB interleaving unit 126 switches infor-
mation of any column in the inverted first LSB information
generated by the bit inversion unit 123 with information
of any other column in the inverted first LSB information,
on the basis of a predetermined switching rule (Herein-
after, it is referred to as a "second switching rule".).
[0719] In addition, the LSB interleaving unit 126 switch-
es information of any column in the second LSB informa-
tion generated by the probability distribution shaping en-
coding unit 122 with information of any other column in
the second LSB information, on the basis of the second
switching rule.
[0720] A bit array space in which the inverted first LSB
information and the second LSB information are stored
will be described with reference to FIG. 27.
[0721] FIG. 27A is an explanatory diagram illustrating
an example of a bit array space in which soft decision
error correction frame information before the LSB inter-
leaving unit 126 performs switching is stored.
[0722] As illustrated in FIG. 27A, in the inverted first
LSB information before the LSB interleaving unit 126 per-
forms switching, D[1 : m - 1][1][k] in which the k-th infor-
mation in the first MSB information and the second SSB
information is stored and D[m][1][k] in which the k-th in-
formation in the inverted first LSB information is stored
are arranged in one column in Dd[1] that is a bit array
space in which the first bit string group information is
stored.

[0723] In addition, as illustrated in FIG. 27A, in the sec-
ond LSB information before the LSB interleaving unit 126
performs switching, D[1 : m - 1][2][k] in which the k-th
information in the second MSB information and the sec-
ond SSB information is stored and D[m][2][k] in which
the k-th information in the second LSB information is
stored are arranged in one column in Dd[2] that is a bit
array space in which the second bit string group informa-
tion is stored.
[0724] The LSB interleaving unit 126 switches infor-
mation of any column with information of any other col-
umn, in Dv[m][1] in which the inverted first LSB informa-
tion illustrated in FIG. 27A is stored, on the basis of the
second switching rule.
[0725] In addition, the LSB interleaving unit 126 switch-
es information of any column with information of any other
column, in Dv[m][2] in which the second LSB information
illustrated in FIG. 27A is stored, on the basis of the second
switching rule.
[0726] FIG. 27B is an explanatory diagram illustrating
an example of the bit array space in which soft decision
error correction frame information after the LSB interleav-
ing unit 126 performs switching is stored.
[0727] For example, as illustrated in FIG. 27B, the LSB
interleaving unit 126 switches arrangements of columns
in the inverted first LSB information so that pieces of in-
formation of odd-numbered columns in the inverted first
LSB information are adjacent to each other, and pieces
of information of even-numbered columns in the inverted
first LSB information are adjacent to each other, in
Dv[m][1] in which the inverted first LSB information is
stored.
[0728] In addition, for example, as illustrated in FIG.
27B, the LSB interleaving unit 126 switches arrange-
ments of columns in the second LSB information so that
pieces of information of odd-numbered columns in the
second LSB information are adjacent to each other, and
pieces of information of even-numbered columns in the
second LSB information are adjacent to each other, in
Dv[m][2] in which the second LSB information is stored.
[0729] Note that, the function f() illustrated in FIG. 27B
is a ceiling function.
[0730] The bit array space illustrated in FIG. 27B is
merely an example, and as long as the LSB interleaving
unit 126 performs switching on the basis of the second
switching rule, the mode of the bit array space after per-
forming switching is not limited to the bit array space il-
lustrated in FIG. 27B.
[0731] The modulation symbol conversion unit 130
performs pulse amplitude modulation on the basis of the
soft decision error correction frame information after per-
forming switching of the interleaving unit 150 columns.
[0732] The soft decision error correction encoding unit
124 generates a soft decision parity bit by performing
systematic soft decision error correction encoding
processing by using the inverted first LSB information
and the second LSB information after the LSB interleav-
ing unit 126 performs switching. The soft decision error
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correction encoding unit 124 stores the generated soft
decision parity bit as the second MSB information in
Dv[1][2] that is a bit array space.
[0733] On the basis of the second switching rule, the
LSB deinterleaving unit 127 restores the arrangements
of the columns in the inverted first LSB information after
the soft decision error correction encoding unit 124 gen-
erates the soft decision parity bit, to a state before the
LSB interleaving unit 126 switches the arrangements of
the columns.
[0734] In addition, on the basis of the second switching
rule, the LSB deinterleaving unit 127 restores the ar-
rangements of the columns in the second LSB informa-
tion after the soft decision error correction encoding unit
124 generates the soft decision parity bit, to a state before
the LSB interleaving unit 126 switches the arrangements
of the columns.
[0735] In addition, the LSB deinterleaving unit 127
switches the arrangements of the columns of the soft
decision parity bit stored as the second MSB information
in Dv[1][2] that is the bit array space on the basis of the
second switching rule, to cause an arrangement of a col-
umn of the soft decision parity bit stored in Dv[1][2] to be
an arrangement of a column similar to a case where the
encoding unit 120b does not include the LSB interleaving
unit 126.
[0736] Note that, functions of the input information ac-
quiring unit 110, the encoding unit 120b, the modulation
symbol conversion unit 130, the transmission waveform
shaping unit 140, and the interleaving unit 150 included
in the error correction encoding device 100b according
to the third embodiment may be implemented by the proc-
essor 501 and the memory 502 in the hardware config-
uration illustrated as an example in FIGS. 5A and 5B in
the first embodiment, or may be implemented by the
processing circuit 503.
[0737] Operation of the error correction encoding de-
vice 100b according to the third embodiment will be de-
scribed with reference to FIGS. 21A, 21B, and 21C.
[0738] FIG. 21Ais a part of a flowchart illustrating an
example of processing performed by the error correction
encoding device 100b according to the third embodiment.
[0739] FIG. 21B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction encoding device 100b according to the
third embodiment.
[0740] FIG. 21C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction encoding device 100b according to
the third embodiment.
[0741] Hereinafter, FIGS. 21A, 21B, and 21C are col-
lectively denoted as FIG. 21.
[0742] The error correction encoding device 100b re-
peatedly executes the processing of the flowchart illus-
trated in FIG. 21.
[0743] Note that, the flowchart illustrated in FIG. 21 is
obtained by changing step ST610 in the flowchart illus-
trated in FIG. 6 to step ST2110, and adding step ST2120

between step ST610 and step ST620.
[0744] In FIG. 21, processing steps similar to process-
ing steps of the flowchart illustrated in FIG. 6 are desig-
nated by the same reference numerals, and the descrip-
tion thereof will be omitted.
[0745] First, the error correction encoding device 100b
performs processing of step ST601.
[0746] Next, in step ST2110, the encoding unit 120b
generates the soft decision error correction frame infor-
mation.
[0747] Specifically, the encoding unit 120b performs
processing of step ST2110 by performing processing
from step ST611 to step ST618, and processing from
step ST2111 to step ST2115 in processing K below.
[0748] First, the encoding unit 120b performs the
processing from step ST611 to step ST616.
[0749] After step ST616, in step ST2111, the LSB in-
terleaving unit 126 included in the encoding unit 120b
switches the arrangements of the columns in the inverted
first LSB information.
[0750] Next, in step ST2112, the LSB interleaving unit
126 included in the encoding unit 120b switches the ar-
rangements of the columns in the second LSB informa-
tion.
[0751] After step ST2112, the encoding unit 120b per-
forms the processing of step ST617 and step ST618.
[0752] After step ST618, in step ST2113, the LSB dein-
terleaving unit 127 included in the encoding unit 120b
restores the arrangements of the columns in the inverted
first LSB information to the state before the LSB inter-
leaving unit 126 switches the arrangements of the col-
umns.
[0753] Next, in step ST2114, the LSB deinterleaving
unit 127 included in the encoding unit 120b restores the
arrangements of the columns in the second LSB infor-
mation to the state before the LSB interleaving unit 126
switches the arrangements of the columns.
[0754] Next, in step ST2115, the LSB deinterleaving
unit 127 included in the encoding unit 120b switches the
arrangements of the column of the soft decision parity bit.
[0755] After step ST2115, the encoding unit 120b ends
the processing K. That is, after step ST2115, the encod-
ing unit 120b ends the processing of step ST2110.
[0756] Note that, the order of the processing of step
ST2111 and step ST2112 is any order, and the order of
the processing from step ST2113 to ST2115 is any order.
[0757] After step ST2110, in step ST2120, the inter-
leaving unit 150 switches information of any column with
information of any other column, in the soft decision error
correction frame information.
[0758] After step ST2120, the error correction encod-
ing device 100b performs processing from step ST620
to step ST630.
[0759] After step ST630, the error correction encoding
device 100b ends the processing of the flowchart illus-
trated in FIG. 21, and the error correction encoding device
100b returns to the processing of step ST601 and repeat-
edly executes the processing of the flowchart illustrated
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in FIG. 21.
[0760] A configuration of a main part of the error cor-
rection device 200b according to the third embodiment
will be described with reference to FIG. 22. FIG. 22 is a
configuration diagram illustrating an example of the main
part of the error correction device 200b according to the
third embodiment.
[0761] The error correction device 200b includes the
reception modulation symbol group information generat-
ing unit 210, the hard decision candidate generating unit
220, the soft decision information generating unit 230, a
decoding unit 240b, a deinterleaving unit 250, and the
information output unit 290.
[0762] The error correction device 200b is obtained by
adding the deinterleaving unit 250 to the configuration of
the error correction device 200 according to the first em-
bodiment, and changing the decoding unit 240 according
to the first embodiment to the decoding unit 240b.
[0763] Note that, in FIG. 22, blocks similar to the blocks
illustrated in FIG. 7 are designated by the same reference
numerals, and the description thereof will be omitted.
[0764] The deinterleaving unit 250 switches the ar-
rangements of the columns of each of the first hard de-
cision candidate bit array information, the second hard
decision candidate bit array information, and the third
hard decision candidate bit array information generated
by the hard decision candidate generating unit 220, and
the first posterior L value sequence, the second posterior
L value sequence, and the third posterior L value se-
quence generated by the soft decision information gen-
erating unit 230, on the basis of the first switching rule,
thereby restoring the arrangements of the columns of
each of the first hard decision candidate bit array infor-
mation, the second hard decision candidate bit array in-
formation, the third hard decision candidate bit array in-
formation, the first posterior L value sequence, the sec-
ond posterior L value sequence, and the third posterior
L value sequence to cause them to be the arrangements
equivalent to the arrangements of the columns of each
of the first hard decision candidate bit array information,
the second hard decision candidate bit array information,
and the third hard decision candidate bit array information
generated by the hard decision candidate generating unit
220, and the first posterior L value sequence, the second
posterior L value sequence, and the third posterior L val-
ue sequence generated by the soft decision information
generating unit 230 in the case where the error correction
encoding device 100b does not include the interleaving
unit 150.
[0765] Note that, the deinterleaving unit 250 may
switch the arrangements of the reception PAM symbols
in the reception modulation symbol group information
generated by the reception modulation symbol generat-
ing unit 212 on the basis of the first switching rule, thereby
restoring the arrangements of the reception PAM sym-
bols to cause them to be the arrangements equivalent to
the arrangements of the reception PAM symbols in the
reception modulation symbol group information generat-

ed by the reception modulation symbol generating unit
212 in the case where the error correction encoding de-
vice 100b does not include the interleaving unit 150.
[0766] Hereinafter, the description will be given as-
suming that the deinterleaving unit 250 switches the ar-
rangements of the columns of each of the first hard de-
cision candidate bit array information, the second hard
decision candidate bit array information, and the third
hard decision candidate bit array information generated
by the hard decision candidate generating unit 220, and
the first posterior L value sequence, the second posterior
L value sequence, and the third posterior L value se-
quence generated by the soft decision information gen-
erating unit 230.
[0767] The decoding unit 240b generates the output
information by performing the multi-stage error correction
processing on the basis of the first hard decision candi-
date bit array information, the second hard decision can-
didate bit array information, the third hard decision can-
didate bit array information, the first posterior L value
sequence, the second posterior L value sequence, and
the third posterior L value sequence.
[0768] A configuration of a main part of the decoding
unit 240b according to the third embodiment will be de-
scribed with reference to FIG. 23.
[0769] FIG. 23 is a configuration diagram illustrating
an example of the configuration of the main part of the
decoding unit 240b according to the third embodiment.
[0770] The decoding unit 240b includes the soft deci-
sion error correction decoding unit 241, the selection unit
242, the reception side bit inversion unit 243, the proba-
bility distribution shaping decoding unit 244, the second
output bit array generating unit 245, the output informa-
tion generating unit 246, a reception LSB interleaving
unit 248, and a reception LSB deinterleaving unit 249.
[0771] The decoding unit 240b is obtained by adding
the reception LSB interleaving unit 248 and the reception
LSB deinterleaving unit 249 to the configuration of the
decoding unit 240 according to the first embodiment.
is added.
[0772] Note that, in FIG. 23, blocks similar to the blocks
illustrated in FIG. 8 are designated by the same reference
numerals, and the description thereof will be omitted.
[0773] The reception LSB interleaving unit 248 switch-
es the arrangements of the columns in the second pos-
terior L value sequence by switching information of any
column in the second posterior L value sequence with
information of any other column in the second posterior
L value sequence on the basis of the second switching
rule.
[0774] In addition, the reception LSB interleaving unit
248 switches the arrangements of the columns in the
third posterior L value sequence by switching information
of any column in the third posterior L value sequence
with information of any other column in the third posterior
L value sequence on the basis of the second switching
rule.
[0775] The soft decision error correction decoding unit
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241 performs the soft decision error correction process-
ing by using the first posterior L value sequence, the sec-
ond posterior L value sequence after the reception LSB
interleaving unit 248 performs the switching, and the third
posterior L value sequence after the reception LSB in-
terleaving unit 248 performs the switching.
[0776] The reception LSB deinterleaving unit 249
switches the arrangements of the columns in the inverted
first reception LSB information generated by the soft de-
cision error correction decoding unit 241, on the basis of
the second switching rule, thereby switching the arrange-
ments of the columns in the inverted first reception LSB
information to cause them to be equivalent to the arrange-
ments of the columns in the inverted first reception LSB
information generated by the soft decision error correc-
tion decoding unit 241 in a case where the decoding unit
240b does not include the reception LSB interleaving unit
248.
[0777] In addition, the reception LSB deinterleaving
unit 249 switches the arrangements of the columns in
the second reception LSB information generated by the
soft decision error correction decoding unit 241, on the
basis of the second switching rule, thereby switching the
arrangements of the columns in the second reception
LSB information to cause them to be equivalent to the
arrangements of the columns in the second reception
LSB information generated by the soft decision error cor-
rection decoding unit 241 in the case where the decoding
unit 240b does not include the reception LSB interleaving
unit 248.
[0778] Note that, functions of the reception modulation
symbol group information generating unit 210, the hard
decision candidate generating unit 220, the soft decision
information generating unit 230, the decoding unit 240b,
the deinterleaving unit 250, and the information output
unit 290 included in the error correction device 200b ac-
cording to the third embodiment may be implemented by
the processor 901 and the memory 902 in the hardware
configuration illustrated as an example in FIGS. 9A and
9B in the first embodiment, or may be implemented by
the processing circuit 903.
[0779] Operation of the error correction device 200b
according to the third embodiment will be described with
reference to FIGS. 24A, 24B, and 24C.
[0780] FIG. 24A is a part of a flowchart illustrating an
example of processing performed by the error correction
device 200b according to the third embodiment.
[0781] FIG. 24B is another part of the flowchart illus-
trating the example of the processing performed by the
error correction device 200b according to the third em-
bodiment.
[0782] FIG. 24C is a remaining part of the flowchart
illustrating the example of the processing performed by
the error correction device 200b according to the third
embodiment.
[0783] Hereinafter, FIGS. 24A, 24B, and 24C are col-
lectively denoted as FIG. 24.
[0784] The error correction device 200b repeatedly ex-

ecutes the processing of the flowchart illustrated in FIG.
24.
[0785] Note that, the flowchart illustrated in FIG. 24 is
obtained by adding step ST2420 between processing
steps of step ST1020 and step ST1030 in the flowchart
illustrated in FIG. 10, and changing step ST1030 to
ST2430.
[0786] In FIG. 24, processing steps similar to process-
ing steps of the flowchart illustrated in FIG. 10 are des-
ignated by the same reference numerals, and the de-
scription thereof will be omitted.
[0787] First, the error correction device 200b performs
processing from step ST1000 to step ST1020.
[0788] After step ST1020, in step ST2420, the deinter-
leaving unit 250 switches the arrangements of the col-
umns of each of the first hard decision candidate bit array
information, the second hard decision candidate bit array
information, the third hard decision candidate bit array
information, the first posterior L value sequence, the sec-
ond posterior L value sequence, and the third posterior
L value sequence.
[0789] After step ST2420, in step ST2430, the decod-
ing unit 240b generates the output information by per-
forming the multi-stage error correction processing.
[0790] Specifically, the decoding unit 240b performs
processing of step ST2430 by performing processing
from step ST1031 to step ST1036, and processing from
step ST2431 to step ST2433 in processing L below.
[0791] In step ST2431, the reception LSB interleaving
unit 248 included in the decoding unit 240b switches the
arrangements of the columns of each of the first posterior
L value sequence, the second posterior L value se-
quence, and the third posterior L value sequence.
[0792] After step ST2431, the decoding unit 240b per-
forms the processing of step ST1031.
[0793] After step ST1031, in step ST2432, the recep-
tion LSB deinterleaving unit 249 included in the decoding
unit 240b switches the arrangements of the columns of
the inverted first reception LSB information.
[0794] Next, in step ST2433, the reception LSB dein-
terleaving unit 249 included in the decoding unit 240b
switches the arrangements of the columns of the second
reception LSB information.
[0795] After step ST2433, the decoding unit 240b per-
forms the processing from step ST1032 to step ST1036.
[0796] After step ST1036, the decoding unit 240b ends
the processing L. That is, after step ST1036, the decoding
unit 240b ends the processing of step ST2430.
[0797] After step ST2430, the error correction device
200b performs processing of step ST1050.
[0798] After step ST1050, the error correction device
200b ends the processing of the flowchart illustrated in
FIG. 24, and the error correction device 200b returns to
the processing of step ST1000 and repeatedly executes
the processing of the flowchart illustrated in FIG. 24.
[0799] With this configuration, the error correction en-
coding device 100b can disperse a burst error occurring
in the transmission path 30. For that reason, the error
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correction encoding device 100b can suppress perform-
ance degradation of the soft decision error correction de-
coding processing in the error correction device 200b.
[0800] Note that, in the above description, the error
correction encoding device 100b has been described as
including the interleaving unit 150, the LSB interleaving
unit 126, and the LSB deinterleaving unit 127, but it is
not limited thereto.
[0801] For example, the error correction encoding de-
vice 100b may be one including the interleaving unit 150
and neither the LSB interleaving unit 126 nor the LSB
deinterleaving unit 127.
[0802] In addition, the error correction encoding device
100b may be one including the LSB interleaving unit 126
and the LSB deinterleaving unit 127 and not including
the interleaving unit 150.
[0803] In addition, in the above description, the error
correction device 200b has been described as including
the deinterleaving unit 250, the reception LSB interleav-
ing unit 248, and the reception LSB deinterleaving unit
249, but it is not limited thereto.
[0804] For example, in a case where the error correc-
tion encoding device 100b includes the interleaving unit
150 and includes neither the LSB interleaving unit 126
nor the LSB deinterleaving unit 127, the error correction
encoding device 100b is one including the deinterleaving
unit 250 and neither the reception LSB interleaving unit
248 nor the reception LSB deinterleaving unit 249.
[0805] In addition, in a case where the error correction
encoding device 100b includes the LSB interleaving unit
126 and the LSB deinterleaving unit 127 and does not
include the interleaving unit 150, the error correction en-
coding device 100b is one including the reception LSB
interleaving unit 248 and the reception LSB deinterleav-
ing unit 249 and not including the deinterleaving unit 250.
[0806] Note that, in the present disclosure, within the
scope of the invention, free combination of embodiments,
a modification of any component of each embodiment,
or omission of any component in each embodiment is
possible.

INDUSTRIAL APPLICABILITY

[0807] The present disclosure is suitable for a commu-
nication system in which, when information is transmitted
from a transmission device to a reception device, the
transmission device performs error correction encoding
on the information to be transmitted, and the reception
device performs error correction on the information re-
ceived.

REFERENCE SIGNS LIST

[0808] 1, 1a, 1b, 1c, 1d: communication system, 30:
transmission path, 10, 10a, 10b, 10c, 10d: transmission
device, 11: D/A converter, 12: transmission light source,
13: optical modulator, 100, 100a, 100b, 100c, 100d: error
correction encoding device, 110: input information ac-

quiring unit, 120, 120a, 120b, 120c, 120d: encoding unit,
121, 121c, 121d: input bit array information generating
unit, 122: probability distribution shaping encoding unit,
123: bit inversion unit, 124, 124c: soft decision error cor-
rection encoding unit, 125, 125d: hard decision error cor-
rection encoding unit, 126: LSB interleaving unit, 127:
LSB deinterleaving unit, 130: modulation symbol conver-
sion unit, 131: first symbol mapping unit, 132: second
symbol mapping unit, 140: transmission waveform shap-
ing unit, 141: polarization multiplexing unit, 142: trans-
mission digital signal generating unit, 150: interleaving
unit, 20, 20a, 20b, 20c, 20d: reception device, 21: optical
receiver, 22: reception light source, 23: A/D converter,
200, 200a, 200b, 200c, 200d: error correction device,
210: reception modulation symbol group information
generating unit, 211: reception polarization multiplexing
symbol generating unit, 212: reception modulation sym-
bol generating unit, 220: hard decision candidate gener-
ating unit, 221: first hard decision candidate generating
unit, 222: second hard decision candidate generating
unit, 223: third hard decision candidate generating unit,
230: soft decision information generating unit, 231: first
soft decision information generating unit, 232: second
soft decision information generating unit, 233: third soft
decision information generating unit, 240, 240a, 240b,
240c, 240d: decoding unit, 241, 241c: soft decision error
correction decoding unit, 242: selection unit, 2421: first
selection unit, 2422: second selection unit, 2423: third
selection unit, 243: reception side bit inversion unit, 244:
probability distribution shaping decoding unit, 245, 245d:
second output bit array generating unit, 246, 246c: output
information generating unit, 247, 247d: hard decision er-
ror correction decoding unit, 248: reception LSB inter-
leaving unit, 249: reception LSB deinterleaving unit, 250:
deinterleaving unit, 260: third output bit array generating
unit, 290: information output unit, 501, 901: processor,
502, 902: memory, 503, 903: processing circuit.

Claims

1. An error correction encoding device comprising:

an input information acquiring unit to acquire in-
put information;
an encoding unit to generate soft decision error
correction frame information including a bit array
of m rows and N columns on a basis of the input
information acquired by the input information ac-
quiring unit, the bit array being obtained by com-
bining first bit string group information and sec-
ond bit string group information, the first bit string
group information including a bit array of m rows
and N1 columns in which it is enabled to perform
pulse amplitude modulation of a combination of
bit values of each column of the first bit string
group information into a modulation symbol by
using a predetermined first symbol mapping
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rule, the second bit string group information in-
cluding a bit array of m rows and N2 columns in
which it is enabled to perform pulse amplitude
modulation of a combination of bit values of each
column of the second bit string group information
into a modulation symbol by using a predeter-
mined second symbol mapping rule, where m is
a natural number of greater than or equal to 2,
N1 is a natural number of greater than or equal
to 2, N2 is a natural number of greater than or
equal to 1, and N is a number obtained by adding
N1 and N2 together;
a modulation symbol conversion unit to gener-
ate modulation symbol group information includ-
ing N pieces of the modulation symbols by per-
forming pulse amplitude modulation of a combi-
nation of bit values of each column of the soft
decision error correction frame information gen-
erated by the encoding unit into the modulation
symbol for each column of the soft decision error
correction frame information by using the first
symbol mapping rule or the second symbol map-
ping rule; and
a transmission waveform shaping unit to gener-
ate a digital baseband modulation signal on a
basis of the modulation symbol group informa-
tion generated by the modulation symbol con-
version unit and output the digital baseband
modulation signal generated,
wherein
the encoding unit
generates the soft decision error correction
frame information by:

generating first input bit array information
including a bit array of m - 1 rows and N
columns and second input bit array informa-
tion including a bit array of one row and N3
columns on the basis of the input informa-
tion acquired by the input information ac-
quiring unit, where N3 is a natural number
of greater than or equal to 1 and less than
N1;
storing the second input bit array informa-
tion generated as a part of first MSB infor-
mation including a bit array of one row and
N1 columns in a predetermined area of a
first row in the first bit string group informa-
tion;
generating shaped bit array information in-
cluding a bit array of m - 1 rows and N col-
umns by performing probability distribution
shaping encoding processing on the first in-
put bit array information generated;
generating first group bit array information
including a combination of N1 predeter-
mined columns and second group bit array
information including a combination of N2

predetermined columns by separating the
shaped bit array information generated;
generating first LSB information including a
bit array of one row and N1 columns by ex-
tracting, from the first group bit array infor-
mation generated, a bit array of an (m - 1)-th
row in the first group bit array information,
generating inverted first LSB information in-
cluding a bit array of one row and N1 col-
umns by calculating exclusive ORs of bit
values of each columns in the first LSB in-
formation generated and each bit values of
each columns in information of the first row
in the first bit string group information after
storing the second input bit array informa-
tion, the columns in the information of the
first row in the first bit string group informa-
tion each corresponding to the columns in
the first LSB information, and storing the in-
verted first LSB information generated in an
m-th row in the first bit string group informa-
tion;
generating second LSB information includ-
ing a bit array of one row and N2 columns
by extracting a bit array of the (m - 1)-th row
in the second group bit array information
from the second group bit array information
generated, and storing the second LSB in-
formation generated in the m-th row in the
second bit string group information;
generating a soft decision parity bit by per-
forming systematic soft decision error cor-
rection encoding processing by using the
inverted first LSB information generated
and the second LSB information generated,
and storing the soft decision parity bit gen-
erated, in the first row in the second bit string
group information as second MSB informa-
tion including a bit array of one row and N2
columns;
in a case where m is greater than or equal
to 3, generating first SSB information includ-
ing a bit array of m - 2 rows and N1 columns
by extracting, from the first group bit array
information generated, the first row to an (m
- 2)-th row in the first group bit array infor-
mation, and storing the first SSB information
generated, in a second row to the (m - 1)-th
row in the first bit string group information;
and
in the case where m is greater than or equal
to 3, generating second SSB information in-
cluding a bit array of m - 2 rows and N2
columns by extracting, from the second
group bit array information generated, the
first row to the (m - 2)-th row in the second
group bit array information, and storing the
second SSB information generated, in the
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second row to the (m - 1)-th row in the sec-
ond bit string group information.

2. The error correction encoding device according to
claim 1, wherein

the first symbol mapping rule is a symbol map-
ping rule in which one combination of bit values
including a bit array of m rows and one column
corresponds to one of the modulation symbols
subjected to one-dimensional pulse amplitude
modulation, and is the symbol mapping rule in
which a combination of the bit values from the
first row to the (m - 1)-th row of the bit array of
m rows and one column is a combination corre-
sponding to a binary reflected Gray code, and
bit values of the m-th row are values different
from each other in the modulation symbols in
which amplitude values of the modulation sym-
bols are adjacent to each other, and
the second symbol mapping rule is a symbol
mapping rule in which one combination of bit
values including a bit array of m rows and one
column corresponds to one of the modulation
symbols subjected to one-dimensional pulse
amplitude modulation, and is the symbol map-
ping rule in which a combination of the bit values
from the first row to the (m - 1)-th row of the bit
array of m rows and one column is a combination
corresponding to a binary reflected Gray code,
and bit values of the m-th row are values different
from each other in the modulation symbols in
which amplitude values of the modulation sym-
bols have an identical sign and are adjacent to
each other, and are identical values between
the modulation symbol of which an absolute val-
ue of an amplitude value of the modulation sym-
bol is minimum among the modulation symbols
in which the amplitude values of the modulation
symbols are positive and the modulation symbol
of which an absolute value of an amplitude value
of the modulation symbol is minimum among the
modulation symbols in which the amplitude val-
ues of the modulation symbols are negative.

3. The error correction encoding device according to
claim 1, wherein
the encoding unit generates the first input bit array
information and the second input bit array informa-
tion by setting a bit value of a bit other than a bit
corresponding to the input information to 0 in the first
input bit array information or the second input bit ar-
ray information when generating the first input bit
array information and the second input bit array in-
formation on the basis of the input information ac-
quired by the input information acquiring unit.

4. The error correction encoding device according to

claim 1, wherein

the encoding unit generates a hard decision par-
ity bit by performing systematic hard decision
error correction encoding processing, by using
the first input bit array information and the sec-
ond input bit array information, or by using the
first input bit array information, the first SSB in-
formation, the second SSB information, the sec-
ond LSB information, and the first LSB informa-
tion or the inverted first LSB information, and
stores the hard decision parity bit generated, as
a part of the first MSB information in a predeter-
mined area different from an area storing the
second input bit array information of the first row
in the first bit string group information.

5. The error correction encoding device according to
claim 4, wherein

the encoding unit generates the second input bit
array information by setting a bit value of a bit
other than a bit corresponding to the input infor-
mation to a predetermined value in the second
input bit array information when generating the
second input bit array information on the basis
of the input information acquired by the input
information acquiring unit, and
the encoding unit, when performing the system-
atic hard decision error correction encoding
processing,
as first preprocessing, switches bit values of col-
umns corresponding to each other between a
bit value of an area storing the predetermined
value, of a predetermined area of the first row
in the first bit string group information storing the
second input bit array information as a part of
the first MSB information, and a bit value of a
column corresponding to one of the columns of
an area storing the predetermined value of a pre-
determined area of the first row in the first bit
string group information, of an area of the m-th
row in the first bit string group information storing
the first LSB information, and
as second preprocessing, calculates an exclu-
sive OR for each of the columns corresponding
to each other between a bit value after switching
the bit value of the area storing the predeter-
mined value, of the predetermined area of the
first row in the first bit string group information,
and a bit value after switching the bit value of
the column corresponding to one of the columns
of the area storing the predetermined value of
the predetermined area of the first row in the first
bit string group information, of the area of the
m-th row in the first bit string group information,
and
as third preprocessing, overwrites the bit value
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after switching the bit value of the area storing
the predetermined value, of the predetermined
area of the first row in the first bit string group
information, by using a calculation result of the
exclusive OR in the columns corresponding to
each other.

6. The error correction encoding device according to
claim 1, wherein
the encoding unit generates the soft decision error
correction frame information by:

generating third input bit array information in-
cluding a bit array of one row and N4 columns
in addition to the first input bit array information
and the second input bit array information on the
basis of the input information acquired by the
input information acquiring unit, where N4 is a
natural number of greater than or equal to 1 and
less than N2;
storing the third input bit array information gen-
erated as a part of the second MSB information
including the bit array of one row and N2 col-
umns in a predetermined area of the first row in
the second bit string group information; and
generating the soft decision parity bit by per-
forming the systematic soft decision error cor-
rection encoding processing by using the third
input bit array information stored as the part of
the second MSB information in addition to the
inverted first LSB information generated and the
second LSB information generated, and storing
the soft decision parity bit generated, in a pre-
determined area different from an area storing
the second bit string group information of the
first row of the second bit string group informa-
tion.

7. An error correction encoding method comprising:

an input information acquiring step of acquiring,
by an input information acquiring unit, input in-
formation; and
an encoding step of generating, by an encoding
unit, soft decision error correction frame infor-
mation including a bit array of m rows and N
columns on a basis of the input information ac-
quired by the input information acquiring unit,
the bit array being obtained by combining first
bit string group information and second bit string
group information, the first bit string group infor-
mation including a bit array of m rows and N1
columns in which it is enabled to perform pulse
amplitude modulation of a combination of bit val-
ues of each column of the first bit string group
information into a modulation symbol by using
a predetermined first symbol mapping rule, the
second bit string group information including a

bit array of m rows and N2 columns in which it
is enabled to perform pulse amplitude modula-
tion of a combination of bit values of each column
of the second bit string group information into a
modulation symbol by using a predetermined
second symbol mapping rule, where m is a nat-
ural number of greater than or equal to 2, N1 is
a natural number of greater than or equal to 2,
N2 is a natural number of greater than or equal
to 1, and N is a number obtained by adding N1
and N2 together,
wherein
the encoding step
includes:

a first encoding step of generating first input
bit array information including a bit array of
m - 1 rows and N columns and second input
bit array information including a bit array of
one row and N3 columns on the basis of the
input information acquired by the input in-
formation acquiring unit, where N3 is a nat-
ural number of greater than or equal to 1
and less than N1;
a second encoding step of storing the sec-
ond input bit array information generated by
the first encoding step as a part of first MSB
information including a bit array of one row
and N1 columns in a predetermined area of
a first row in the first bit string group infor-
mation;
a third encoding step of generating shaped
bit array information including a bit array of
m - 1 rows and N columns by performing
probability distribution shaping encoding
processing on the first input bit array infor-
mation generated by the first encoding step;
a fourth encoding step of generating first
group bit array information including a com-
bination of N1 predetermined columns and
second group bit array information including
a combination of N2 predetermined col-
umns by separating the shaped bit array in-
formation generated by the third encoding
step;
a fifth encoding step of generating first LSB
information including a bit array of one row
and N1 columns by extracting, from the first
group bit array information generated by the
fourth encoding step, a bit array of an (m -
1)-th row in the first group bit array informa-
tion, generating inverted first LSB informa-
tion including a bit array of one row and N1
columns by calculating exclusive ORs of bit
values of each columns in the first LSB in-
formation generated and each bit values of
each columns in information of the first row
in the first bit string group information after
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storing the second input bit array informa-
tion, the columns in the information of the
first row in the first bit string group informa-
tion each corresponding to the columns in
the first LSB information, and storing the in-
verted first LSB information generated in an
m-th row in the first bit string group informa-
tion;
a sixth encoding step of generating second
LSB information including a bit array of one
row and N2 columns by extracting a bit array
of the (m - 1)-th row in the second group bit
array information from the second group bit
array information generated by the fourth
encoding step, and storing the second LSB
information generated in the m-th row in the
second bit string group information;
a seventh encoding step of generating a soft
decision parity bit by performing systematic
soft decision error correction encoding
processing by using the inverted first LSB
information generated by the fifth encoding
step and the second LSB information gen-
erated by the sixth encoding step, and stor-
ing the soft decision parity bit generated, in
the first row in the second bit string group
information as second MSB information in-
cluding a bit array of one row and N2 col-
umns;
an eighth encoding step of generating first
SSB information including a bit array of m -
2 rows and N1 columns by extracting, from
the first group bit array information gener-
ated by the fourth encoding step, the first
row to an (m - 2)-th row in the first group bit
array information, and storing the first SSB
information generated, in a second row to
the (m - 1)-th row in the first bit string group
information, in a case where m is greater
than or equal to 3; and
a ninth encoding step of generating second
SSB information including a bit array of m -
2 rows and N2 columns by extracting, from
the second group bit array information gen-
erated by the fourth encoding step, the first
row to the (m - 2)-th row in the second group
bit array information, and storing the second
SSB information generated, in the second
row to the (m - 1)-th row in the second bit
string group information, in the case where
m is greater than or equal to 3.

8. An error correction device comprising:

a reception modulation symbol group informa-
tion generating unit to receive a reception digital
baseband modulation signal that is a signal
based on the soft decision error correction frame

information generated by the error correction
encoding method according to claim 7 and gen-
erate reception modulation symbol group infor-
mation including N reception modulation sym-
bols on a basis of the reception digital baseband
modulation signal;
a hard decision candidate generating unit to
generate first hard decision candidate bit array
information including a bit array of one row and
N1 columns, second hard decision candidate bit
array information including a bit array of m - 2
rows and N1 columns in a case where m is great-
er than or equal to 3, and third hard decision
candidate bit array information including a bit
array of m - 2 rows and N2 columns in the case
where m is greater than or equal to 3, by using
the reception modulation symbol group informa-
tion generated by the reception modulation sym-
bol group information generating unit on a basis
of the first symbol mapping rule or the second
symbol mapping rule;
a soft decision information generating unit to
generate a first posterior L value sequence in-
cluding N2 posterior L values corresponding to
each columns of a first row of the second bit
string group information, a second posterior L
value sequence including N1 posterior L values
corresponding to each columns of the m-th row
of the first bit string group information, and a
third posterior L value sequence including N2
posterior L values corresponding to each col-
umns of the m-th row of the second bit string
group information on a basis of the reception
modulation symbol group information generated
by the reception modulation symbol group infor-
mation generating unit;
a decoding unit to perform multi-stage error cor-
rection processing on a basis of the first hard
decision candidate bit array information, the
second hard decision candidate bit array infor-
mation, and the third hard decision candidate bit
array information generated by the hard deci-
sion candidate generating unit, and the first pos-
terior L value sequence, the second posterior L
value sequence, and the third posterior L value
sequence generated by the soft decision infor-
mation generating unit; and
an information output unit to output information
generated by the decoding unit performing the
multi-stage error correction processing as out-
put information,
wherein
in first decoding processing in the multi-stage
error correction processing, the decoding unit
generates inverted first reception LSB informa-
tion including a bit array of one row and N1 col-
umns corresponding to the inverted first LSB in-
formation and second reception LSB informa-
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tion including a bit array of one row and N2 col-
umns corresponding to the second LSB infor-
mation by performing soft decision error correc-
tion processing on the basis of the first posterior
L value sequence, the second posterior L value
sequence, and the third posterior L value se-
quence,
in second decoding processing in the multi-
stage error correction processing, the decoding
unit generates first reception MSB information
including a bit array of one row and N1 columns
corresponding to the first MSB information on a
basis of the first hard decision candidate bit array
information and the inverted first reception LSB
information, generates first reception SSB infor-
mation including a bit array of m - 2 rows and
N1 columns corresponding to the first SSB in-
formation on a basis of the second hard decision
candidate bit array information and the inverted
first reception LSB information in the case where
m is greater than or equal to 3, and generates
second reception SSB information including a
bit array of m - 2 rows and N2 columns corre-
sponding to the second SSB information on a
basis of the third hard decision candidate bit ar-
ray information and the second reception LSB
information in the case where m is greater than
or equal to 3,
in third decoding processing in the multi-stage
error correction processing, the decoding unit
generates first reception LSB information corre-
sponding to the first LSB information by calcu-
lating exclusive ORs of bit values of each col-
umns in the inverted first reception LSB infor-
mation and each bit values of each columns in
the first reception MSB information each corre-
sponding to the columns in the inverted first re-
ception LSB information,
in fourth decoding processing in the multi-stage
error correction processing, the decoding unit
generates first output bit array information in-
cluding a bit array of m - 1 rows and N columns
corresponding to the first input bit array informa-
tion by performing probability distribution shap-
ing decoding processing on the first reception
SSB information, the second reception SSB in-
formation, the first reception LSB information,
and the second reception LSB information,
in fifth decoding processing in the multi-stage
error correction processing, the decoding unit
generates second output bit array information
including a bit array of one row and N3 columns
corresponding to the second input bit array in-
formation by extracting information of a prede-
termined area of the first reception MSB infor-
mation,
in sixth decoding processing in the multi-stage
error correction processing, the decoding unit

generates the output information corresponding
to the input information on a basis of the first
output bit array information and the second out-
put bit array information, and
the information output unit outputs the output
information generated by the decoding unit.

9. The error correction device according to claim 8,
wherein

the first symbol mapping rule is a symbol map-
ping rule in which one of the modulation symbols
subjected to one-dimensional pulse amplitude
modulation corresponds to one combination of
bit values including a bit array of m rows and
one column, and is the symbol mapping rule in
which a combination of the bit values from the
first row to the (m - 1)-th row of the bit array of
m rows and one column is a combination corre-
sponding to a binary reflected Gray code, and
bit values of the m-th row are values different
from each other in the modulation symbols in
which amplitude values of the modulation sym-
bols are adjacent to each other, and
the second symbol mapping rule is a symbol
mapping rule in which one of the modulation
symbols subjected to one-dimensional pulse
amplitude modulation corresponds to one com-
bination of bit values including a bit array of m
rows and one column, and is the symbol map-
ping rule in which a combination of the bit values
from the first row to the (m - 1)-th row of the bit
array of m rows and one column is a combination
corresponding to a binary reflected Gray code,
and bit values of the m-th row are values different
from each other in the modulation symbols in
which amplitude values of the modulation sym-
bols have an identical sign and are adjacent to
each other, and are identical values between
the modulation symbol of which an absolute vale
of an amplitude value of the modulation symbol
is minimum among the modulation symbols in
which the amplitude values of the modulation
symbols are positive and the modulation symbol
of which an absolute value of an amplitude value
of the modulation symbol is minimum among the
modulation symbols in which the amplitude val-
ues of the modulation symbols are negative.

10. The error correction device according to claim 8,
wherein

the decoding unit performs hard decision error
correction processing on information corre-
sponding to the second output bit array informa-
tion of the first reception MSB information, and
the first reception SSB information, the second
reception SSB information, the second recep-
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tion LSB information, and the first reception LSB
information or the inverted first reception LSB
information, or on the information corresponding
to the second output bit array information of the
first reception MSB information and the first out-
put bit array information, on a basis of informa-
tion stored in a predetermined area of the first
reception MSB information, in seventh decoding
processing in the multi-stage error correction
processing, and
in a case where the decoding unit performs the
hard decision error correction processing on the
information corresponding to the second output
bit array information of the first reception MSB
information, and the first reception SSB informa-
tion, the second reception SSB information, the
second reception LSB information, and the in-
verted first reception LSB information, the de-
coding unit generates the second output bit ar-
ray information by calculating an exclusive OR
by using the inverted first reception LSB infor-
mation and the first reception MSB information
after the seventh decoding processing, in the
third decoding processing, and extracting infor-
mation of a predetermined area of the first re-
ception MSB information after the seventh de-
coding processing, in the fifth decoding process-
ing, and
in a case where the decoding unit performs the
hard decision error correction processing on the
information corresponding to the second output
bit array information of the first reception MSB
information, and the first reception SSB informa-
tion, the second reception SSB information, the
second reception LSB information, and the first
reception LSB information, the decoding unit
generates the second output bit array informa-
tion by performing probability distribution shap-
ing decoding processing on the first reception
SSB information, the second reception SSB in-
formation, the first reception LSB information,
and the second reception LSB information after
the seventh decoding processing, in the fourth
decoding processing, and extracting the infor-
mation of the predetermined area of the first re-
ception MSB information after the seventh de-
coding processing, in the fifth decoding process-
ing, and
in a case where the decoding unit performs the
hard decision error correction processing on the
information corresponding to the second output
bit array information of the first reception MSB
information, and the first output bit array infor-
mation, the decoding unit generates the second
output bit array information by extracting the in-
formation of the predetermined area of the first
reception MSB information after the seventh de-
coding processing, in the fifth decoding process-

ing, and generates the output information on a
basis of the second output bit array information
and the first output bit array information after the
seventh decoding processing, in the sixth de-
coding processing.

11. The error correction device according to claim 10,
wherein

the decoding unit performs the hard decision er-
ror correction processing, and then, in the sev-
enth decoding processing in the multi-stage er-
ror correction processing,
as first post-processing, calculates an exclusive
OR for each of columns corresponding to each
other between a bit value of a column in the first
reception MSB information corresponding to
each column of an area storing a predetermined
value of a predetermined area of the first row in
the first bit string group information storing the
second input bit array information as a part of
the first MSB information, and a bit value of a
column in the first reception LSB information cor-
responding to each column of the area storing
the predetermined value in the predetermined
area in the first row in the first bit string group
information storing the second input bit array in-
formation as the part of the first MSB informa-
tion, and
as second post-processing, overwrites the bit
value of the column in the first reception MSB
information corresponding to each column of the
area storing the predetermined value of the pre-
determined area of the first row in the first bit
string group information, by using a calculation
result of the exclusive OR in the columns corre-
sponding to each other.

12. The error correction device according to claim 8,
wherein

the first encoding step generates third input bit
array information including a bit array of one row
and N4 columns in addition to the first input bit
array information and the second input bit array
information on the basis of the input information
acquired by the input information acquiring unit,
where N4 is a natural number of greater than or
equal to 1 and less than N2,
the second encoding step stores the second in-
put bit array information generated by the first
encoding step as a part of the first MSB infor-
mation in a predetermined area of the first row
in the first bit string group information, and stores
the third input bit array information generated by
the first encoding step as a part of the second
MSB information in a predetermined area of the
first row in the second bit string group informa-
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tion,
the seventh encoding step generates the soft
decision parity bit by performing the systematic
soft decision error correction encoding process-
ing by using the third input bit array information
generated by the first encoding step in addition
to the inverted first LSB information generated
by the fifth encoding step and the second LSB
information generated by the sixth encoding
step, and stores the soft decision parity bit gen-
erated, in an area different from the area in which
the third input bit array information is stored of
the second MSB information, and
the decoding unit generates second reception
MSB information including a bit array of one row
and N2 columns corresponding to the second
MSB information, in addition to the inverted first
reception LSB information including the bit array
of one row and N1 columns corresponding to
the inverted first LSB information and the second
reception LSB information including the bit array
of one row and N2 columns corresponding to
the second LSB information, by performing soft
decision error correction processing on the ba-
sis of the first posterior L value sequence, the
second posterior L value sequence, and the third
posterior L value sequence, in the first decoding
processing in the multi-stage error correction
processing,
generates third output bit array information in-
cluding a bit array of one row and N4 columns
corresponding to the third input bit array infor-
mation by extracting information of a predeter-
mined area of the second reception MSB infor-
mation in eighth decoding processing in the mul-
ti-stage error correction processing, and
generates the output information corresponding
to the input information on a basis of the third
output bit array information, in addition to the
first output bit array information and the second
output bit array information, in the sixth decoding
processing in the multi-stage error correction
processing.

13. An error correction method comprising:

a reception modulation symbol group informa-
tion generating step of receiving a reception dig-
ital baseband modulation signal that is a signal
based on the soft decision error correction frame
information generated by the error correction
encoding method according to claim 7 and gen-
erating reception modulation symbol group in-
formation including N reception modulation
symbols on a basis of the reception digital base-
band modulation signal, by a reception modula-
tion symbol group information generating unit;
a hard decision candidate generating step of

generating, by a hard decision candidate gen-
erating unit, first hard decision candidate bit ar-
ray information including a bit array of one row
and N1 columns, second hard decision candi-
date bit array information including a bit array of
m - 2 rows and N1 columns in a case where m
is greater than or equal to 3, and third hard de-
cision candidate bit array information including
a bit array of m - 2 rows and N2 columns in the
case where m is greater than or equal to 3, by
using the first symbol mapping rule or the sec-
ond symbol mapping rule, on a basis of the re-
ception modulation symbol group information
generated by the reception modulation symbol
group information generating unit;
a soft decision information generating step of
generating, by a soft decision information gen-
erating unit, a first posterior L value sequence
including N2 posterior L values corresponding
to each columns of a first row of the second bit
string group information, a second posterior L
value sequence including N1 posterior L values
corresponding to each columns of the m-th row
of the first bit string group information, and a
third posterior L value sequence including N2
posterior L values corresponding to each col-
umns of the m-th row of the second bit string
group information on a basis of the reception
modulation symbol group information generated
by the reception modulation symbol group infor-
mation generating unit;
a decoding step of performing, by a decoding
unit, multi-stage error correction processing on
a basis of the first hard decision candidate bit
array information, the second hard decision can-
didate bit array information, and the third hard
decision candidate bit array information gener-
ated by the hard decision candidate generating
unit, and the first posterior L value sequence,
the second posterior L value sequence, and the
third posterior L value sequence generated by
the soft decision information generating unit;
and
an information output step of outputting, by an
information output unit, information generated
by the decoding unit performing the multi-stage
error correction processing as output informa-
tion,
wherein
in first decoding processing in the multi-stage
error correction processing, the decoding unit
generates inverted first reception LSB informa-
tion including a bit array of one row and N1 col-
umns corresponding to the inverted first LSB in-
formation and second reception LSB informa-
tion including a bit array of one row and N2 col-
umns corresponding to the second LSB infor-
mation by performing soft decision error correc-
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tion processing on the basis of the first posterior
L value sequence, the second posterior L value
sequence, and the third posterior L value se-
quence,
in second decoding processing in the multi-
stage error correction processing, the decoding
unit generates first reception MSB information
including a bit array of one row and N1 columns
corresponding to the first MSB information on a
basis of the first hard decision candidate bit array
information and the inverted first reception LSB
information, generates first reception SSB infor-
mation including a bit array of m - 2 rows and
N1 columns corresponding to the first SSB in-
formation on a basis of the second hard decision
candidate bit array information and the inverted
first reception LSB information in the case where
m is greater than or equal to 3, and generates
second reception SSB information including a
bit array of m - 2 rows and N2 columns corre-
sponding to the second SSB information on a
basis of the third hard decision candidate bit ar-
ray information and the second reception LSB
information in the case where m is greater than
or equal to 3,
in third decoding processing in the multi-stage
error correction processing, the decoding unit
generates first reception LSB information corre-
sponding to the first LSB information by calcu-
lating exclusive ORs of bit values of each col-
umns in the inverted first reception LSB infor-
mation and each bit values of each columns in
the first reception MSB information each corre-
sponding to the columns in the inverted first re-
ception LSB information,
in fourth decoding processing in the multi-stage
error correction processing, the decoding unit
generates first output bit array information in-
cluding a bit array of m - 1 rows and N columns
corresponding to the first input bit array informa-
tion by performing probability distribution shap-
ing decoding processing on the first reception
SSB information, the second reception SSB in-
formation, the first reception LSB information,
and the second reception LSB information,
in fifth decoding processing in the multi-stage
error correction processing, the decoding unit
generates second output bit array information
including a bit array of one row and N3 columns
corresponding to the second input bit array in-
formation by extracting information of a prede-
termined area of the first reception MSB infor-
mation,
in sixth decoding processing in the multi-stage
error correction processing, the decoding unit
generates the output information corresponding
to the input information on a basis of the first
output bit array information and the second out-

put bit array information, and
the information output unit outputs the output
information generated by the decoding unit.

14. A communication method
comprising:

an error correction encoding step of generating
the soft decision error correction frame informa-
tion based on the input information by the error
correction encoding method according to claim
7;
a modulation symbol conversion step of gener-
ating, by a modulation symbol conversion unit,
modulation symbol group information including
N pieces of the modulation symbols by perform-
ing pulse amplitude modulation on a combina-
tion of bit values of each column of the soft de-
cision error correction frame information gener-
ated by the error correction encoding step into
the modulation symbol for each column of the
soft decision error correction frame information
on a basis of the first symbol mapping rule or
the second symbol mapping rule;
a transmission waveform shaping step, by a
transmission waveform shaping unit, of gener-
ating a digital baseband modulation signal on a
basis of the modulation symbol group informa-
tion generated by the modulation symbol con-
version unit, and outputting the digital baseband
modulation signal generated;
a transmission step, by a transmission unit, of
receiving the digital baseband modulation signal
output by the transmission waveform shaping
unit and transmitting a signal based on the digital
baseband modulation signal;
a reception step, by a reception unit, of receiving
the signal transmitted by the transmission unit
and generating a reception digital baseband
modulation signal from the signal; and
an error correction step of generating and out-
putting output information corresponding to the
input information by the error correction method
according to claim 13 on a basis of the reception
digital baseband modulation signal generated
by the reception unit.

15. An optical communication system comprising: an op-
tical transmission path to transmit an optical signal;
a transmission device; and a reception device,
wherein

the transmission device
includes:

the error correction encoding device ac-
cording to claim 1;
a D/A converter to receive the digital base-
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band modulation signal output by the error
correction encoding device, convert the dig-
ital baseband modulation signal into a trans-
mission electrical signal that is an analog
baseband modulation signal, and output the
transmission electrical signal after conver-
sion;
a transmission light source to output un-
modulated light having a single wavelength;
and
an optical modulator to receive the trans-
mission electrical signal output by the D/A
converter and the unmodulated light output
by the transmission light source, modulate
the unmodulated light with the transmission
electrical signal to generate modulated
light, and output the modulated light gener-
ated as a modulated optical signal to the
optical transmission path, and
the reception device
includes:

a reception light source to output un-
modulated light having a single wave-
length corresponding to a center wave-
length of the modulated light that is a
modulated optical signal output to the
optical transmission path by the trans-
mission device;
an optical receiver to receive the mod-
ulated optical signal output to the opti-
cal transmission path by the transmis-
sion device and the unmodulated light
output by the reception light source,
generate a reception electrical signal
that is a reception analog baseband
modulation signal by performing coher-
ent detection using the modulated light
that is the modulated optical signal and
the unmodulated light, and output the
reception electrical signal generated;
an A/D converter to receive the recep-
tion electrical signal output by the opti-
cal receiver, convert the reception elec-
trical signal into a reception digital
baseband modulation signal, and out-
put the reception digital baseband mod-
ulation signal after conversion; and
the error correction device according to
claim 8.

16. A soft decision error correction frame data structure
used in a communication system in which a trans-
mission device transmits a signal based on input in-
formation input to the transmission device to a re-
ception device, and the reception device receives
the signal transmitted by the transmission device and
generates output information corresponding to the

input information on a basis of the signal,

the soft decision error correction frame data
structure comprising
a bit array of m rows and N columns obtained
by combining first bit string group information
and second bit string group information, the first
bit string group information including a bit array
of m rows and N1 columns in which it is enabled
to perform pulse amplitude modulation of a com-
bination of bit values of each column of the first
bit string group information into a modulation
symbol on a basis of a predetermined first sym-
bol mapping rule, the second bit string group
information including a bit array of m rows and
N2 columns in which it is enabled to perform
pulse amplitude modulation of a combination of
bit values of each column of the second bit string
group information into a modulation symbol on
a basis of a predetermined second symbol map-
ping rule, where m is a natural number of greater
than or equal to 2, N1 is a natural number of
greater than or equal to 2, N2 is a natural number
of greater than or equal to 1, and N is a number
obtained by adding N1 and N2 together, wherein
a soft decision parity bit is stored in a first row
in the second bit string group information, the
soft decision parity bit being generated by per-
forming systematic soft decision error correction
encoding processing using a bit value of each
column of an m-th row in the first bit string group
information and a bit value of each column of
the m-th row in the second bit string group infor-
mation.

17. A soft decision error correction frame data structure
to enable

generation of reception modulation symbol
group information including N reception modu-
lation symbols on a basis of a reception digital
baseband modulation signal generated from a
signal based on soft decision error correction
frame information having the soft decision error
correction frame data structure according to
claim 16,
generation of first hard decision candidate bit
array information including a bit array of one row
and N1 columns, second hard decision candi-
date bit array information including a bit array of
m - 2 rows and N1 columns in a case where m
is greater than or equal to 3, and third hard de-
cision candidate bit array information including
a bit array of m - 2 rows and N2 columns in the
case where m is greater than or equal to 3, by
using the first symbol mapping rule or the sec-
ond symbol mapping rule on a basis of the re-
ception modulation symbol group information
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generated,
generation of a first posterior L value sequence
including N2 posterior L values corresponding
to each columns of the first row of the second
bit string group information, a second posterior
L value sequence including N1 posterior L val-
ues corresponding to each columns of the m-th
row of the first bit string group information, and
a third posterior L value sequence including N2
posterior L values corresponding to each col-
umns of the m-th row of the second bit string
group information on the basis of the reception
modulation symbol group information generat-
ed, and
error correction by performing multi-stage error
correction processing on a basis of the first hard
decision candidate bit array information, the
second hard decision candidate bit array infor-
mation, the third hard decision candidate bit ar-
ray information, the first posterior L value se-
quence, the second posterior L value sequence,
and the third posterior L value sequence gener-
ated.

18. The soft decision error correction frame data struc-
ture according to claim 17, wherein it is enabled to

generate inverted first reception LSB informa-
tion including a bit array of one row and N1 col-
umns and second reception LSB information in-
cluding a bit array of one row and N2 columns
by performing soft decision error correction
processing on a basis of the first posterior L val-
ue sequence, the second posterior L value se-
quence, and the third posterior L value se-
quence, in first decoding processing in the multi-
stage error correction processing,
generate first reception MSB information includ-
ing a bit array of one row and N1 columns on a
basis of the first hard decision candidate bit array
information and the inverted first reception LSB
information, generate first reception SSB infor-
mation including a bit array of m - 2 rows and
N1 columns on a basis of the second hard de-
cision candidate bit array information and the
inverted first reception LSB information in the
case where m is greater than or equal to 3, and
generate second reception SSB information in-
cluding a bit array of m - 2 rows and N2 columns
on a basis of the third hard decision candidate
bit array information and the second reception
LSB information in the case where m is greater
than or equal to 3, in second decoding process-
ing in the multi-stage error correction process-
ing,
generate first reception LSB information by cal-
culating exclusive ORs of bit values of each col-
umns in the inverted first reception LSB infor-

mation and each bit values of each columns in
the first reception MSB information each corre-
sponding to the columns in the inverted first re-
ception LSB information, in third decoding
processing in the multi-stage error correction
processing,
generate first output bit array information includ-
ing a bit array of m - 1 rows and N columns by
performing probability distribution shaping de-
coding processing on the first reception SSB in-
formation, the second reception SSB informa-
tion, the first reception LSB information, and the
second reception LSB information, in fourth de-
coding processing in the multi-stage error cor-
rection processing,
generate second output bit array information in-
cluding a bit array of one row and N3 columns
by extracting information of a predetermined ar-
ea of the first reception MSB information, in fifth
decoding processing in the multi-stage error cor-
rection processing, and
generate the output information corresponding
to the input information on a basis of the first
output bit array information and the second out-
put bit array information, in sixth decoding
processing in the multi-stage error correction
processing.
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